


NASA TM X-1090 

AERODYNAMIC LOADING CHARACTERISTICS OF A REENTRY-GLIDER 

AND LAUNCH-VEHICLE MODEL AT TRANSONIC SPEEDS 

By J a m e s  A. Blackwell, Jr., and Thomas C. Kelly 

Langley Research  ’ Center 
Langley Station, Hampton, Va. 

at 3 year intervols; 

CLASSIFIED DOCUMENT-TITLE UNCLASSIFIED 

Th is  material contains information. affecting the uld not be returned a 
national defense of the United States within the 

meaning of the espionage laws, T i t l e  18, U.S.C 
Secs. 793 and 794, the transmission or revelatio 

of which in  any manner to an unauthorized pe 

i s  prohibited by low. lnformat ion. 

ERONAUTICS AND SPACE ADMINISTRATION 



AERODYNAMIC LOADING CHARACTERISTICS OF A lUZEN?RY-GLIDER 

-!AND LAUNCH-IKEHICLE MODEL AT TRANSONIC SPEEDS* 

By James A. Blackwell, Jr., and Thomas C.  Kelly 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation was conducted over a Mach number range from 
0.6 t o  1 . 2  t o  determine the s t a t i c  aerodynamic loading characterist ics of a 
typical  winged reentry gl ider  i n  combination w i t h  a simulated launch vehicle. 
The Reynolds number of the t e s t s  varied with Mach number over a range from 
3.17 x lo6 per foot t o  4.22 x 106 per foot.  

The resu l t s  of the investigation indicate tha t  interference e f fec ts  asso- 
ciated with the asymmetrical geometry of the winged reentry glider cause 
changes in  the  type of flow (separated or attached) circumferentially about the 
launch-vehicle upper stage. 
launch vehicle and, hence, i n  the launch-vehicle surface-pressure coefficients, 
generally extend approximately 2.3 upper-stage diameters behind the rear corner 
of the conical fairing. 

These variations in  the  type of flow over the 

A s  a probable resul t  of the flow separation, section normal-force coef- 
f i c i en t s  on the  launch-vehicle upper stage immediately behind the winged 
reentry glider do not vary appreciably with angle of attack. 

Comparison of the section normal-force coefficient distributions fo r  the 
launch vehicle i n  the  present winged reentry glider configuration with tha t  
fo r  a similar launch vehicle having a conical nose with a 15.3' half-angle 
shows the resultant normal force on the forward portion of the launch-vehicle 
upper stage result ing from the loads carryover of the winged reentry glider t o  
be noticeably lower than tha t  associated with the conical nose. 

INTRODUCTION 

Vehicles with glide-reentry requirements are presently being developed t o  
provide basic data f o r  designing advanced spacecraft and t o  fur ther  the devel- 
opment of manned reentry. 
ASSET (aerothermodynamic s t ruc tura l  systems erwironmental t e s t s )  test vehicle. 
As part  of a general program t o  determine the s t a t i c  aerodynamic loading char- 
ac t e r i s t i c s  of simulated launch vehicles and i n  support of the ASSE2 development 

A typ ica l  vehicle for  these purposes i s  the USAF 

jCTitle, Unclassified. 



program, t e s t s  have been conducted a t  transonic speeds t o  determine the s t a t i c  
aerodynamic loading character is t ics  of a typical  winged reentry gl ider  (ASSET) 
i n  combination with a simulated launch vehicle. 

The investigation w a s  conducted i n  the Langley 8-foot transonic pressure 
tunnel over a Mach number range from 0.6 t o  1.2. 
tests varied with Mach number over a range from 3.17 x 10 6 per foot t o  

4.22 x lo6 per foot. 

The Reynolds number of the 

The angle of attack varied generally from about -6' t o  6'. 

D launch-vehicle loca l  diameter, i n .  

r launch-vehicle loca l  radius, in .  

X model station, measured from a point located 50 inches forward of 
launch-vehicle base, in.  

Y l a t e r a l  distance, measured from launch-vehicle center l ine ,  in .  

M Mach number 

R Reynolds number per foot 

U nominal angle of attack of launch-vehicle center l i n e  (does not 
include corrections f o r  deflection of model and support system 
due t o  load), deg 

launch-vehicle orifice-row orientation angle, measured clockwise 
from the vertical. a s  viewed from front,  deg 

er 
P loca l  s t a t i c  pressure, lb/sq f t  

@o 

s, 

free-stream s t a t i c  pressure, lb/sq f t  

free-stream dynamic pressure, lb/sq f t  

cP 
P - Po0 

4, 
pressure coefficient, 

body-section normal-force coefficient, 

Sub scr ip ts  : 

z lower 

U upper 

ref reference 
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APPARATUS, TESTS, AND PROCEDURE 

Model 

Geometric de t a i l s  of the winged reentry gl ider  and launch vehicle are pre- 
sented i n  figure 1, and model photographs are provided i n  figure 2. 
arrangement of the  pressure o r i f i ce s  on the winged reentry glider shown i n  f ig-  
ure l ( c )  was such t h a t  the  most comprehensive indication of the loca l  aerody- 
namic loads on the winged reentry glider could be obtained by using the maximum 
number of available pressure-measurement channels. 
launch vehicle were ins ta l led  along four longitudinal rows which were located 
a t  meridian angles 8 of 00, 30°, 60°, and goo. The longitudinal o r i f i ce  
locations fo r  the launch vehicle are  referenced t o  model s ta t ion 0 ( f ig .  l ( a ) )  
and are indicated i n  tables  I and 11. 

The 

Pressure o r i f i ce s  on the 

T e s t s  and Procedure 

T h i s  investigation w a s  conducted i n  the  Langley 8-foot transonic pressure 
tunnel a t  a stagnation pressure of approximately 2120 pounds per square foot 
and at  a stagnation temperature of approximately 120° F. 
over an angle-of-attack range from -6O t o  60 a t  Mach numbers of 0.8, 1.0, and 
1.2, and from -loo t o  loo a t  a Mach number of 0.6. I n  addition., resu l t s  were 
obtained a t  an angle of a t tack of 0' fo r  Mach numbers of 0.75, 0.85, 0.9, and 
0.95. The variation of the average test Reynolds number per foot and dynamic 
pressure w i t h  Mach number i s  shown i n  figure 3. 

Results were obtained 

Although only four or i f i ce  rows ( a l l  i n  a goo quadrant) were employed on 
the  launch vehicle fo r  these tests, an attempt was made t o  simulate the com- 
p le te  surface-pressure dis t r ibut ion about the launch vehicle by tes t ing  the 
complete model w i t h  the winged reentry glider i n  both upright and inverted 
positions. The angle of a t tack of the model was measured 
relat ive t o  the launch vehicle irrespective of the position of the winged 
reentry glider.  

(See f i g .  l ( a )  .) 

The investigation was conducted w i t h  natural  boundary-layer t ransi t ion on 

The t rans i t ion  s t r i p  was 0.1 inch wide and w a s  composed of No. 80 

the winged reentry gl ider  and with a boundary-layer t ransi t ion s t r i p  on the 
launch vehicle located 0.25 inch rearward of the conical-fairing-upper-stage 
corner. 
(0.0083 inch i n  diameter) carborundum grains se t  i n  a p l a s t i c  adhesive. 

Model surface pressures were measured by using multiple-tube manometer 
boards and were recorded on photographic film. 
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CORRECFIONS AND ACCURACY 

Correct ions 

Angles of attack presented herein should be considered as nominal angles 
i n  that, although corrections have been made for  tunnel air-flow angularity 
none have been applied f o r  deflection of the model and support system under 
load. An approximation of the model deflection under load has been made, how- 
ever, from results obtained from s t a t i c  loadings of the test model and support 
system. Results of the  s t a t i c  loadings are shown i n  f igure 4 fo r  loads applied 
at  three model s ta t ions.  
r e su l t s  fo r  a similar configuration (ref. 1) and results of the s t a t i c  loadings 
from f igure 4, an additional deflection ( i n  the  direction of the resultant 
normal force) of less than 0.25O would be expected fo r  the  maximum-loading con- 
d i t i on  of t he  present investigation. 

Based upon normal-force and center-of-pressure 

Effects of subsonic boundary interference i n  the s lot ted test section are 
considered t o  be negligible and no corrections fo r  these e f f ec t s  have been 
applied. A t  supersonic speeds, the experimental r e su l t s  are generally affected 
by boundary-reflected disturbances which occur from Mach numbers s l i gh t ly  over 
1.0 t o  those at  which the disturbances are reflected downstream of the model 
base. For the present investigation, it i s  estimated that r e su l t s  rearward of 
the @-inch model s ta t ion  at  a Mach number of 1.2 and an angle of a t tack of k6O 
may be subject t o  error  resul t ing from boundary ref lect ions.  

Accuracy 

A consideration of factors  affecting the  r e su l t s  of t h i s  investigation has 
indicated general accuracies i n  pressure coefficient t o  be of the order of 
kO.01 and kO.003 a t  Mach numbers of 0.60 and 1.20, respectively. 
regions of extremely varying pressures o r  f o r  conditions where the pressures 
a re  noticeably sensi t ive t o  s m a l l  Mach number changes, such accuracies may not 
be expected. 
k0. lo. 
quoted free-stream Mach numbers did not exceed kO.003 a t  subsonic speeds and 
did not become greater than kO.010 as the Mach number was increased t o  1.20. 

However, i n  

Model nominal angles of a t tack are estimated t o  be accurate within 
Based upon unpublished tunnel calibrations,  local  deviations from the 

RESULTS 

Results obtained i n  the  present investigation are presented i n  the form of 
surface-pressure coeff ic ients  and body section normal-force coefficients.  

Pressure coefficients are presented i n  tables I and 11 f o r  the winged 
reentry glider and the launch vehicle, respectively. Representative p lo t s  are 
presented i n  f igures  5,  6, 7, and 8 t o  show the  e f f ec t s  of the winged reentry 
gl ider  on the  surface-pressure coeff ic ients  of the launch vehicle a t  various 
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Mach numbers and angles of attack. 
flow over the winged reentry glider,  conical fa i r ing,  and forward portion of 
the launch-vehicle upper stage are presented. Also, a comparison of t he  
surface-pressure coefficients a t  the base of the  wing and a t  the base of the 
skewed cylinder on the winged reentry gl ider  i s  shown i n  figure 10. 

I n  figure 9, schlieren photographs of the 

For the  present investigation it was possible, through the proper combina- 
t i on  of data from various tes t  conditions t o  simulate the complete pressure 
dis t r ibut ion about the launch vehicle a t  angles of a t tack of k3O and k6O. 
These resu l t s  were then machine integrated i n  order to  obtain the  launch- 
vehicle section normal-force coefficients, which are presented i n  table  111 and 
i n  figure 11 (multiplied by a diameter r a t io ) .  Figure 12 compares the section 
normal-force coefficient dis t r ibut ion fo r  a launch vehicle with a winged reentry 
gl ider  with tha t  of a similar launch vehicle having a conical nose (15.3* half- 
angle). (See configuration 4 of ref. 2.) 

Since the or i f ice  arrangement was such tha t  the winged reentry-glider 
surface-pressure coefficients could not be readily presented graphically and 
since the winged reentry-glider section normal-force coefficients could not be 
obtained accurately, the discussion i s  limited t o  the effect  of the winged 
reentry gl ider  on the aerodynamic loading characterist ics of the launch vehicle. 
However, the results presented i n  tab le  I are arranged t o  permit a re la t ively 
easy determination of the  e f fec ts  of Mach number and angle of attack on the 
surface-pressure coefficients of the winged reentry glider.  

DISCUSSION 

Surface-Pressure Distributions 

The variation of the launch-vehicle surface-pressure coefficients with 
longitudinal model s ta t ion i s  presented i n  figures 5 and 6 for  
parison of the surface-pressure coefficients a t  the  various launch-vehicle 
o r i f i ce  row-orientation angles ( f ig .  5 )  indicates expected large differences 
over the conical fa i r ing  and launch-vehicle upper stage. 
surface-pressure coefficients resu l t  from the changes i n  the type of flow 
( separated o r  attached) circwnf e ren t ia l ly  about the launch-vehicle upper stage. 
The surface-pressure coefficients on the  launch vehicle f o r  $ = 0" with I 

winged reentry gl ider  upright (fig.  6( a) ) and the schlieren photographs shown 
i n  figure 9 indicate t h a t  the flow over the  winged reentry gl ider  separates a t  
t he  top rear corner of the skewed cylinder and immerses the forward portion of 
the launch-vehicle upper surface i n  the separated flow. It i s  also of in te res t  
t o  note tha t ,  as a resu l t  of t he  separated flow, surface-pressure coefficients 
a t  the  11.31 and 12.01 model s ta t ions fo r  ( f ig .  6(a)) and the pressure 
coefficient a t  the base of the skewed cylinder (o r i f i ce  21, f i g .  10) are of the  
same relat ive value. 
over the lower surface of the launch vehicle appears t o  be attached. 
f igs .  6(b) and 9.) 
vary as a result of the  separation of flow over the  winged reentry-glider side- 
body planes as shown i n  figure 6(c) .  

u = Oo. Com- 

These differences i n  

@ = 0' 

The flow from the  bottom of the winged reentry g l ider  
(See 

The surface-pressure coefficients f o r  the 90' meridian row 

An examination of the  surface-pressure 
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coeff ic ients  shows tha t  the  flow-attachment l i n e  apparently passes through some 
point between the  11.51 and 12.01model s ta t ions f o r  Mach numbers up t o  1.0, as 
evidenced by the rapid posit ive increase i n  the  surface-pressure coefficient 
over the conical f a i r ing  between these model stations.  
flow apparently attaches a t  some point upstream of the 11.5lmodel station. 
The changes i n  t h e  type of flow (separated o r  attached) circumferentially about 
the launch-vehicle upper stage are a result of the asymmetrical geometry of the  
winged reentry glider.  The e f f ec t s  of the  asymmetry of the  winged reentry 
g l ider  on the surface-pressure coefficients of the  launch vehicle can be seen 
t o  extend approximately 2.5-launch-vehicle upper-stage diameters (5.4 in.) 
behind the rear corner of the conical f a i r ing  throughout the  test Mach number 
range; however, f o r  some Mach numbers, the  e f f ec t s  are evident as far rearward 
as the t rans i t ion  flare. 

A t  Mach number 1.2 the 

(See f i g .  5.) 

The e f f ec t s  of increasing Mach number on the launch-vehicle surface- 
pressure coefficients at  various orifice-row-orientation angles can be seen i n  
figure 6. Comparison of the r e su l t s  f o r  the various Mach numberfi indicates the 
e f f ec t s  of increasing Mach number t o  be rapid increases and decreases i n  the 
negative surface-pressure coefficient peaks associated w i t h  the conical f a i r ing  
and rear corners of the  t rans i t ion  flare, and the general broadening of these 
peaks. Evident a l so  i s  the change i n  the  general type of flow over the t rans i -  
t i on  flare fo r  Mach numbers from 0.60 t o  1.20. A t  a Mach nmber of 0.60, the  
e f f ec t s  of the compression and expansion corners on the surface-pressure coef- 
f i c i e n t s  are f e l t  somewhat upstream; whereas, a t  a Mach number of 1.20 the 
changes i n  the  surface-pressure coefficients associated w i t h  the compression 
and expansion waves occur abruptly at the corners. 

The e f f ec t s  of angle of a t tack on the surface-pressure coefficients of the 
launch vehicle are shown i n  figure 7 f o r  a representative orifice-row- 
or ientat ion angle of 0'. These r e su l t s  indicate t h a t  the  most notable varia- 
t i ons  with angle of at tack occur over the t rans i t ion  flare. 
surface-pressure coefficients due t o  angle of a t tack a re  generally larger  fo r  
o r i f i ce s  on the  windward side of the model than fo r  o r i f i ce s  on the leeward 
side. 

The variations i n  

A comparison of the surface-pressure coefficients on the launch vehicle i n  
the present winged reentry-glider configuration w i t h  those f o r  a launch vehi- 
c l e  having a conical nose (15.3O half-angle; Configuration 4 of ref. 2) i s  
shown i n  figure 8 for  
orifice-row meridian angles. 
indicates differences i n  the surface-pressure coefficients over most of the 
launch-vehicle upper stage w i t h  the flow properties downstream of the launch- 
vehicle upper-stage t ransi t ion-f lare  juncture being generally the  same f o r  
both configurations. 

# = Oo, and i s  indicative of r e su l t s  f o r  the other 
Examination of the r e su l t s  presented i n  f igure 8 

Figure 10 indicates the changes i n  the surface-pressure coefficients which 
Shown are the  vari- occur at the base of the winged reentry glider a t  

a t ions  i n  the base-pressure coefficient w i t h  Mach number f o r  two o r i f i c e  loca- 
t ions,  one located on the  base of the wing (o r i f i ce  11) and the other at the  
base of the skewed cylinder (o r i f i ce  21). Although it would be expected that 
more negative base-pressure coefficients would exist f o r  t h e  wing base, which 
is essent ia l ly  two dimensional, than f o r  the  base of the skewed cylinder, which 

a = 0'. 
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i s  three dimensional, greater differences i n  the pressure coefficient would be 
expected than those which a re  shown i n  f igure 10. 
Undoubtedly, loca l  configuration geometry great ly  influences the base pres- 
sures, a t  least i n  the present investigation. 

(For example, see ref. 3 . )  

Section Normal-Force Distributions 

Variations of launch-vehicle section normal-f orce coefficients (multiplied 
by a diameter r a t io )  w i t h  longitudinal model s ta t ion  are presented i n  figure 11 
f o r  several Mach nwtibers and angles of attack. 
forward portion of the launch-vehicle upper stage and the t rans i t ion  flare 
carry most of the  aerodynamic load. O f  i n t e re s t  a l so  i s  the f a c t  t ha t  the 
extent of the  load carryover on the cylindrical  portions of the model j u s t  
rearward of the conical-fairing and launch-vehicle t rans i t ion  flare, generally 
increases w i t h  an increase i n  Mach nuzriber. As would be expected the variation 
of the  launch-vehicle section normal-force coefficients w i t h  angle of a t tack 
generally shows a posit ive increase i n  the launch-vehicle section normal-force 
coefficients associated w i t h  an increase i n  the angle of a t tack and a negative 
increase associated w i t h  a decrease i n  angle of attack, with the greatest  
increase noted f o r  the region of the t rans i t ion  flare. 
of f igures U ( a )  and l l ( b )  indicates t h a t  the load on the  launch-vehicle upper 
stage immediately behind the winged reentry gl ider  does not vary appreciably 
w i t h  angle of attack. 
influence of separation on the upper-surface pressure coeff ic ients  on the for- 
ward portion of the upper stage. 
sure coefficients on the upper-stage upper surface, so that the  posit ive resu l t -  
ant section loads are  reduced and i n  some cases resul tant  section loads become 
negative . 

The r e su l t s  indicate that the 

However, a comparison 

T h i s  lack of variation i s  probably due t o  the large 

The separated flow reduces the negative pres- 

Figure 12 shows a comparison of the launch-vehicle section normal-force 
coefficient dis t r ibut ion f o r  this launch-vehicle configuration w i t h  t h a t  of a 
similar launch vehicle having a conical nose w i t h  a lr.3O half-angle. 
configuration 4 of ref. 2.) 
t i o n  normal-force coefficients fo r  the two configurations i s  i n  the load carry- 
over t o  the forward portion of the upper stage a t  the higher Mach numbers. 
That  is, the  resul tant  normal-force on the forward portion of the upper stage 
resul t ing from the flow over the conical nose i s  noticeably greater than that 
resul t ing from the flow over the winged reentry gl ider .  

(See 
The primary difference i n  the launch-vehicle sec- 

CONCLUMNG REMAFXS 

An investigation has been conducted a t  transonic speeds t o  determine the 
s t a t i c  aerodynamic loading character is t ics  of a typ ica l  winged reentry g l ider  
i n  combination w i t h  a simulated launch vehicle. 

The results of the investigation indicate that interference e f fec ts  asso- 
ciated w i t h  the asymmetrical geometry of the winged reentry glider cause 
changes i n  the type of flow (separated or attached) circumferentially about the 
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launch-vehicle upper stage. 
launch vehicle and, hence, i n  the launch-vehicle surface-pressure coefficients, 
generally extend approximately 2.5 upper-stage diameters behind the rear corner 
of the conical fairing. 
normal-force coefficients on the launch-vehicle upper stage immediately behind 
the winged reentry glider do not vary appreciably w i t h  angle of attack. 

These variations i n  the type of flow over the 

A s  a probable resul t  of the flow separation, section 

Comparison of the section normal-force coefficient distributions f o r  the 
launch vehicle i n  the present winged reentry glider configuration w i t h  that 
for  a similar launch vehicle having a conical nose with a 1 5 . 3 O  half-angle 
shows the resultant normal force on the forward portion of the launch-vehicle 
upper stage result ing fromthe loads carryover of the winged reentry glider t o  
be noticeably lower than that associated with the conical nose. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 16, 1964. 
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TABU3 11.- SURFACE PFU3SSUR.E COEFE?CIEN!I!S FOR LAUNCH VEBICLF 

(a) M P 0.n to 0.95; a = Oo; # = Oo 

K, in. 

11.51 

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15 -51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.w 
24.59 
25 * 59 
26 59 
27-59 
28-09 

28 39 
28.85 
29.35 
29.85 
30.35 
30.85 
31 35 
31 0 85 
32.85 
33.85 
34 -85 
36 -85 
38 -85 
39.24 
40.85 

43.85 
44.85 

12.01 

42.85 

Cp for - 

-0.335 
-.300 - 9 179 
- .072 
.023 
*a9 
.041 
0 029 
.023 
.013 
,007 
,008 . 014 
.030 
195 

*@9 
.034 . 009 - .017 - .066 

- e  143 
- .183 
-.Ogl 
- 059 
-.043 - 034 - .027 - .023 - .018 - .012 - .010 
-.008 - ,007 
-.004 - .001 
- 004 
-.004 - .007 

w.85 

-0.380 - 9 356 - .248 
-.I29 

0065 
6 5  
.050 
-038 
025 
.016 
.015 
.02l 
* 039 
.220 

.074 

.046 

.018 - .013 
-.068 - .161 
-. 218 - .loo 
-.of3 - .044 - 054 
-.026 - . a20 - .016 
-.oog 
-.006 - -004 
-.002 
.001 
.001 

-.#1 
0 

.010 

.003 

- .003 

w.90 

-0.424 
-e409 
- .323 
-.192 - 045 

,050 - 07-1 
.061 
*047 
.029 
.014 . 009 
.015 
035 
*a7 
.072 
0043 

F.083 - 9x93 
- .270 - .12l 
- *079 
-0057 
-.044 - .036 - .031 
-.026 - .01g - .016 - .013 - .011 - .007 
-.008 
-.OW 
-.00g - * 009 

.012 
-.02l 

- .012 

M=0.95 
-0 e 531 
-9513 
-.420 
-.291 - 145 
-.012 

* 057 
* 075 
.072 
0 055 
.030 
.019 
* 021 
.042 
.225 

.084 
9054 
.022 - .010 - 073 - .196 

- .401 - e 238 - .122 
-.064 
-.042 - ,031 - .029 - -024 - .01g - .018 - .016 
-e 014 
-.Oll 
-.Oil 
-.oog - 013 -. 013 - .016 

K, in. 

11.51 

12.51 

13.01 
13 -51 
14.01 
14.51 
15.01 
15 951 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.w 
24 * 59 
25 59 
26 59 
27 9 59 
28.09 
28.39 
28.85 
29.35 
29 -85 
30.35 
30.85 
31.35 
31.85 
32.85 
33 * 85 
34.85 
36.85 
38 -85 
39 9 24 

43.85 

12.01 

40.85 
42.85 

44.85 

Inverted 

0.074 
.034 

- 420 
-.044 - ,013 - .007 
-.001 
0 
,006 
.003 
.005 
.om 
.015 
.032 
.eo9 

073 
a043 
.016 
-.OW - .063 - .152 
- * 195 
-.og2 
-.~8 
-.&O 
-.030 - .024 
-.021 - .017 
-.OW - .007 - .005 
-.004 - .001 
.002 
0 

- .002 - .003 
-.O@ 

Cp for - 
I&==. 85 

0-  033 
.013 
-0573 

-.&O - .006 - .002 
.002 
,003 
.008 
005 
.007 
,010 
.016 
035 
.220 

* 078 
*047 
.017 - * 012 

- 073 -. 183 
- .236 - .io7 - 067 
-.046 - .036 
-.028 
-.OB - .01g - .013 
-.On 
-.008 - .006 - .002 - .001 - .002 
-.OW 
-.004 
-.007 

w.90 

-0 022 
-.003 
-0579 
- .022 
.002 .a 
.007 
*007 
.011 
.007 
.008 
.010 
.015 
' 035 
2% 

-083 
0050 
.01g - .012 

- 075 - .208 
- -336 
-.U8 - ,072 
-.WO 
- 039 - .031 
-.OS - .022 - .015 - .014 - . o l l  
-.008 
-.004 - .002 
-.004 
-.007 
-.006 - ,010 

-0.127 - 153 - 517 
- 196 

0% 
.032 
.031 
029 
.031 
.024 
.01g 
.017 
.022 
.042 
.264 

.loo 

.065 

.032 

.002 
-.047 - .162 
- 9374 - 335 
-.a7 
-e046 - .016 - ,013 - .015 - .015 - .012 - .015 - .012 - .011 - .007 
-.004 
-.006 
-.Oll 
-.00g 
-.01j 



TABU 11.- SURFACE PRESsuRF1 COEFFICIENTS FOR LAUNCH VEHIm - Continued 

(b) M = 0.75 t o  0.95; u = 0’; fi = 30° 

:, in. 

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15 051 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 * 59 
25 * 59 
26 9 59 
27.59 
28.09 

28.39 
28.85 
29 -35 
29.85 
30.35 
30.85 
31 * 35 
31 85 
32 85 
33 8 85 
34 85 
36.85 
38 -85 
39.24 

43 85 
44.85 
45 085 
47-85 
49 -85 

40.85 
42.85 

Upright 

M=o.75 

-0.210 

.om 
077 

.067 

.044 
029 

.022 

.013 

.009 

.012 . 011 

.030 

.198 

.060 - 033 

.008 - .016 - .065 

- .191 
-.091 - .060 
-.045 - 034 
-.OY 
- . O B  
- a 0 2 1  - .012 
-.Oll 

-e142 

- .007 - .003 
.002 - 002 - .001 - .006 - .007 - .009 

-.009 
-.021 
-.a1 

Cp f o r  - 
hk0.85 

-0 e 283 

-.&4 
.081 
.094 
-070 
.051 
038 

.025 

.018 

.021 

.021 

.043 
225 

075 
.046 
.018 - . 010 

-.067 - .160 

- .230 - ,100 - .066 - .046 
-.O% 
r.028 - .023 - .019 - * 011 
-.O& - .004 

.004 

.003 
-.002 - .003 
-.o& - 004 - 019 
-.082 

-0.361 

-.148 
.026 
.090 
.082 
,061 
.&4 
.027 
.014 
.014 
.014 

,224 
.036 

.072 

.Oh3 

.013 - .019 
-.081 
-.188 

- 295 - .121 
-.080 
-no58 
-.&5 - *037 
-.032 - .027 - ,019 - .017 - .013 - .009 - .o& 
-.Go9 - .006 - . 010 
-.Oll - .013 - .013 
-.a27 
- 9 095 

bO.95 

-0.442 

- -237 
-.o& 

-052 
-085 
.082 
.070 
.051 
.029 
.023 
,019 
.&4 
235 

.086 
-055 
.024 - .007 

-.Of% - .178 

- .416 - .258 
-.121 
-.064 - .041 
- 033 - .030 
-.026 - .020 - .019 - .016 - .012 - .007 - .012 
-.ow - .015 -. 016 - .019 - .018 - e034 
- . l l O  

k 
a, 
Pi 
8 

E! 

4 

:, in.  

12.51 

13.01 
13.51 
14.01 
14.51 
15.01 
15-51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 59 
25.59 
26 59 
27 59 
28.09 

28.39 
28.85 
29.35 
29 85 
30.35 
30.85 
31 35 
31 85 
32 85 
33.85 
34-85 
36.85 
38 085 
39 - 24 
40.85 

43 -85 
44.85 
45.85 
47.85 
49.85 

42.85 

Inverted 

(+ for - 
b0.75 

-0 e 327 

- .019 - .ooa - 001 
0 

.002 
005 

.003 
,006 
‘013 
.013 

.203 

,070 
*&3 . 014 

-.Oll - .062 - 145 

-e194 
-.w3 - .061 - .044 - .032 
-.026 - ,023 - .019 - .012 - * 010 - .006 - .003 

.002 
0 - . 001 - .006 
-.006 - .009 
-.008 
-.021 - 079 

.034 

1b0.85 

-0.420 

- . O l l  
.001 
005 . 004 

.006 
,009 
.006 
.008 . 014 
.014 
037 

. a 6  

f 075 
.046 
,016 - .013 - .071 

- *173 

- .231 - .io6 - . 068 - .&8 - .036 
-.028 
- . O S  
-.021 - .013 
-.Oll 
-.008 
-.004 . 001 - 001 
- .001 - .006 - .006 - ,008 -.a - .022 
-.085 

e o .  90 

-0.518 

------ 
.009 . 010 
* 010 . 011 
012 

.008 

.009 

.013 

.013 
0 9  

.226 

- 079 
-049 
,018 - .o l l  
-.OD 
- .196 

- ,331 
-.ll9 
-.OD 
-0053 
-.040 - 033 
-.028 - .024 - ,016 - . 014 
-.ou - .006 

- .003 - .005 

- .013 - .013 
- . O S  
-.w3 

- .010 - . 010 

t o  95 

-0.480 

- ,115 
.028 
* 033 
.032 
* 033 
033 
026 

* 021 
.022 
.021 
9045 
-255 

5097 
.063 
.03c 
,003 - .04a - 153 

- .38f 
-.344 - .19c - .051 - .02c - . 016 - .OlS - .017 - . O l h  - .01: - .015 
-.w - .002 - . 00: 
-.o@ - .01: - .01: - . ole - .01; 
- .OS 
-.lo= 
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TABLE 11. - SURFACE PRESSURE COEFFICIENTS FOR LAUNCH VEHICLE - Continued 

( c )  M = 0.75 to 0.95; a = 0'; = 60° 

x, in. 

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15 051 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24.59 
25.59 
26.59 
27.59 
28.w 

28-39 
28.85 
29 35 
29 085 
30.35 
30.85 
31 * 35 
31.85 
32.85 
33 -85 
34 -85 
36 -85 
38.85 
39.24 

43 -85 
44.85 
45 -85 
47.85 
49 -85 

40.85 
42.85 

Upright 

Cr, for - 
M-4.75 

-0.230 

.OD5 

.01g 

.015 . 010 

.oog 
-005 
.006 
.007 
.oog 
.027 
.182 

,056 
.032 
007 - .020 - .072 - 139 

-.2q 
-.&9 - .061 
-.043 - .032 - .026 - .023 - 014 - .010 
-.w - ,003 - .001 
.002 
-.001 
.002 

.Q21 

- .003 - .003 - .003 
-.008 - .018 - .a0 

~ = o  .85 

-0.270 

.008 

.040 
039 
033 
.o26 
.023 
.016 
.016 
.017 
.020 
039 
.207 

.070 

.044 

.017 - .015 - -074 
- -157 
- .251 
- 099 
-a066 
-.045 
- 033 - .028 - .022 - .013 - .009 
- . O M  - .002 
.001 
* 004 - . 001 
-003 - .001 
-.002 - .002 - .006 - .017 
-.a3 

*0.90 

-0.357 

-.028 
.029 
.042 
039 
.030 
025 
.015 
*oog 
,008 
.010 
.032 
.204 

.065 

.040 

.010 - a 024 - .ogo - .185 
- .312 
-.12l - .081 
- .056 
-.043 - -036 - .030 - .022 - .016 - ,016 - .010 - .006 - 004 
-.ow 
-*w 
-.009 - ,010 - .o l l  - 014 - .026 
-.e% 

M=O .95 

-0.463 

- .lo4 
.002 
-039 
-053 - 052 
047 
.036 
.022 
.016 
.017 
.040 
.220 

- 079 
-052 
021 - . o n  

- so75 - -177 
- .436 - .271 - .129 
-.063 
- 039 - -033 
- . o s  - * 022 - .019 - .019 - e 014 - .012 
-.ow - .015 - .010 - -014 - ,017 - .016 - .019 - .031 
-.log 

x, in. 

12.51 

13.01 
13.51 
14.01 
14.51 
15.01 
15.51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.w 
24 059 
25 -59 
26.59 
27 59 
28.09 

28 -39 
28.85 
29.35 
29.85 
30.35 
30.85 
31.35 
31.85 
32.85 
33 -85 
34.85 
36.85 
38 -85 
39.24 

43 -85 

45 -85 
47.85 
49 -85 

40.85 
42.85 

44.85 

Inverted 

Cp for - 
M=O .75 

-0.049 

- .018 - .021 - .015 - .011 - .006 - .002 - .004 
.002 
. O M  
,013 
.032 
.a1 

.#+ 

.040 

.015 - .012 - -064 
- -133 
- ,217 
-.ago - .063 - e044 - 034 
- . O S  
- a  024 - -016 - * 012 - .011 
- .002 
.001 - .002 

0 

- .005 

- .005 
-.om 
-.007 
-.oll - -020 
-.a2 

M=O .85 

-0.058 

- .012 - .014 - .010 - ,006 - .003 
.002 - . 001 
.004 . O W  
.014 
.034 
.225 

.069 
-045 
.017 - .014 

- 073 - 157 
- -264 - .lo2 - .071 - .048 
- .031 - .026 - .017 - 012 - . o n  
-.004 - .001 
.002 - .002 . 001 - 004 - .003 - .005 - .009 - .021 -.a 

- * 037 

M=O.~O 

-0.149 

- .020 - ,006 
.002 
-.OW 
-007 
.010 
-005 
.007 
,010 
.014 
.036 
.240 

'075 
-049 
.020 - .015 - -079 - .181 
-.384 - .ll7 - .&o 
- 055 
-.043 - 036 - .031 - .022 - .017 - .016 
-.ow - .007 - .003 - .006 - .003 
-.ow - .009 
-.On - - 014 
-.OS 
-.094 

M=O -95 

-0.294 

- ,111 - .031 . 008 
.023 
.028 
.031 
.025 
.021 
.018 
.020 
.0h1 
-259 

.089 

.06a 

.030 
-.001 
-.060 
- .150 

- .308 
- .161 - .061 
- .030 
- . O S  - .023 
- .017 - ,016 - .018 - .010 
-.OW - .006 
-.OW 
-.W6 - .012 - .012 - .014 - .019 
-.OB - .lo6 

- .422 



TABLE 11.- SURFACE PRESSURF: COEFFICIENTS FOR LAUNCH VEEICLE: - Continued 

(d) M = 0.75 t o  0.95; u = 0'; 16 = goo 

K~ in. 

11.51 

12.51 

13 * 51 

15 -51 
17.01 
19.01 
21 * 01 
23.01 

12.01 

14.51 

24.09 
25 29 
27.59 

28 039 
29.35 
30.35 
31.35 
32.85 
34 985 
36.85 
38.85 
39.24 
40.85 

44.85 
42.85 

-0.175 
.138 - 234 

.002 

.002 

.003 
,004 - 008 
.025 
.181 

054 
.007 - .067 

- .185 - . 061 -. 032 - .020 - .010 - .007 
-.002 

0 
------ 

.003 - .003 
-.OW 

Cp fo r  - 
~ 4 . 8 5  

-0.267 
,070 - -237 

.016 

.012 

.012 
.012 
.017 
-038 
199 

.066 

.015 - ,072 

- .067 
- .214 

- .034 
- e o 2 1  - .010 
-.005 

.002 

.or% - . 001 - .003 

------ 
------ 

M d  .go 

-0.341 - . 011 - 334 

.007 

.004 

.004 

.004 
-007 
(. 030 
.200 

.065 

.ow - * 085 

- .270 - .084 
-.044 
- .os - .018 - 013 
-.008 
-*w 
-.007 
-.001 
-.OW 
-.OIL 

-0.397 g :  
- a 1 4 0  4: 
-0513 g: - 
.008 

"'5 k 

.2l4 - 
E! 
0 
6 

* .078 ; 
.020 

-a070 tic 
h 
H - 

- .432 - -144 

- -024 - .020 
-.016 
-.012 

-.Oll - .006 - .013 - .017 

- .038 
3 

:J in. 

11.51 

12.51 

13.51 
14.51 
15.51 
17.01 
19.01 
21.01 
23.01 

12.01 

24.09 
25.59 
27 * 59 

28.39 
29.35 
30c35 
31.35 
32.85 
34 -85 
36.85 
38 -85 
39 24 
40.85 

44.85 
42.85 

Inverted 

Cp for - 
M d .  75 

-0.191 
* 138 - .194 

OW 
,001 
.002 
.005 
.008 
.028 
* 175 

.056 

.008 - .065 

- Ago - .067 - 036 - .025 - .016 - .012 - .006 - .005 
-.OW - .001 
-.007 - .010 

M=O .85 

-0.283 
.028 - .180 
.010 
-003 
,002 
.003 
* oog 
.032 
.la8 

.060 

. ow - -075 

- .225 
- -073 - 039 - ,024 - .015 - .010 
-.o& - .003 
-.004 

.002 
-.006 
-.w 

M30.90 

-0.330 - .063 - -259 

.006 

.003 

.004 

.003 

.007 

.031 

.206 

.064 
e009 

- . a 2  

- -295 -.& - .O44 
-.030 - .020 - .014 - .010 - .007 
-.OW - .do2 - * 010 - .013 

Md.95 

-0.402 - *175 - 0513 

- .013 
.021 
.026 
.018 
.014 
039 

.228 

.078 

.020 - -068 

- -460 - .152 
- 0039 - .025 - .020 - .017 - .012 - .011 
- .on  - .006 - -014 - ,018 
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TABLF 11.- SURFACE PRESSURE COEE'FICIENTS FOR LAUNCH VEHICLE - Continued 

( i )  M = 0.80; a = -6' t o  6'; $ = 0' 

c, in.  

u . 5 1  

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15.51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 59 
25 -59 
26.59 
27 * 59 
28.09 

28-39 
28.85 
w -35 
29-85 
30.35 
30.85 
31 * 35 
31 * 85 
32.85 
33 - 85 
34.85 
36 * 85 
38.85 
39 24 

43.85 

12.01 

40.85 
42.85 

44.85 

ap-6' 

-0.376 - 330 - 220 

-.069 
.036 
.058 
-049 
* 037 
.032 
.025 
.02l 
,024 
.031 
-049 
.247 

.ll1 

.086 

.060 
-033 - .022 

- a 8  

- a  196 
- . on  
- a  044 
-.026 - .016 - .010 
-.006 
- 001 

.007 

.oca . o l l  

.012 
,017 
.017 

.015 

.016 

.020 

.012 

as-30 

-0.371 - .335 
- . u 4  

-.083 

.049 

.043 

.031 

.026 

.021 

.013 

.014 

.021 

.038 
* 215 

.083 

.058 

.031 

.003 
- .050 

- .192 
-.a39 

- .038 
- .os 
- .022 - .018 
- .013 - .006 
-0004 - .002 
0 
.004 
.002 
.006 
.001 
.002 - .002 

.021 

- * 135 

-0057 

for - 
-00 

-0.352 
-.323 - 206 

-.e87 

0057 
.054 
* 039 
.030 
.020 
.014 
.014 
.020 
,036 
. a 2  

.070 

.043 

.016 

,021 

- 013 

-.147 

- 195 - .og1 
-0059 
-.040 - ,030 - .023 - .020 
-e 014 - .007 
-.OW - .002 - .001 

.003 

.001 

.004 

.001 - .002 

- .064 

------ 

a s 3 O  

-0.335 - 307 
-.204 

-.@O 
.024 
.068 
.065 
.048 
035 

.024 

.015 

.015 

.020 

.034 

.204 

-055 
.026 

- .029 
- .o@ 
- 2 5 8  

- .185 
-.w3 - .062 
-.043 
- e  034 - .027 
- .023 - .018 - .012 - .010 - .007 
- .005 

- .001 

- .001 
.001 

- 0 004 - .004 
-.Oca 

------ 

-6' 

-0.330 
-.304 
-.2lo 

-.&8 
.031 . 080 
.071 - 053 
039 

.024 

.014 

.010 

.014 

.027 

.203 

-043 
.015 - .013 
-.041 
-.a39 - .171 

- .1go - .loo -. 067 
-.049 
-0037 - .032 
- .os 
-.023 - .016 - 014 - .012 
-.OIL - .007 
.001 
-.OW 
-.010 
-.oca 
- .013 

:, in.  

11.51 

12.51 

13.01 

12.01 

13-51 
14.01 
14.51 
15.01 

16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

15 -51 

24.w 
24-59 
25.59 
26-59 
27-59 
28.09 

28.39 
28.85 
w.35 
29.85 
30.35 
30.85 
31-35 
31-85 
32-85 
33.85 
344.85 
36 -85 
98.85 
39 * 24 
40.85 
42.85 
43.85 
44.85 

Inverted 

a=-6' 

0.w3 
* 057 

-.489 

- e  043 - .010 - .003 
.004 
.007 
,014 
.012 
.016 
.020 
.028 
.046 
.294 

.117 

.086 

.a51 
* 033 

-.021 
- .I35 

- .230 
-.083 
-a 046 - .027 
- .017 - . o l l  
-.oca 
- .003 
.004 
.005 . 009 . 009 
.014 
.015 
.017 
.011 
.014 . 009 

as-30 

0,074 . 041 
-.472 

-.&3 

-.OW 
.002 
.oca 
SO05 
.008 
.012 
.01g 
.036 
.251 

. 090 

.061 - 035 

.oca 
-.049 
-.156 

- * 235 
-.w4 -. 057 
- 039 
- . O B  - .022 
- .01g - .014 - .007 - .006 - .002 
- .002 

,003 
.004 
.005 

- * 010 
0 

.001 

.003 - ,002 

Cp for - 
a=OO 

0.056 
* 026 - .461 

-.042 - .010 
-.o& 

.002 

.007 

.004 

.006 *ow 

.015 
* 033 
.215 

.072 

.042 

.014 - .013 
- .070 -.la 
- .219 - .lo1 
- .065 
-.045 
- -035 - .027 - .024 - .01g - .012 - .010 
-.oca - .005 

----- 

- .002 ----- ----- 
-.o& - .003 
- .007 

-30 

0.057 
-029 - .442 

-.040 - . 009 
-.O& 

.001 

.006 

.002 

.005 

.008 

.015 

.031 - 205 

.064 

.034 
* 005 - .023 -.on 

- .170 

-.og8 - .062 

- .026 - .023 - .018 
- .o l l  
-.cog - .006 
-.004 

.006 
0 - -003 - .003 
-.006 

----- 

- * 195 

- .044 
- .034 

----- 

a~60 
0.061 

* 033 - 0 438 

-.046 
-e 014 - .010 - .007 - .007 

- .007 - .003 

.006 

.021 

.206 

.049 

-.oca 
-.03 
-.&3 - .181 
-.210 
-.104 
- .069 -. 052 
-a040 - 033 - .029 
- .os - .015 - .013 
- . 009 
-.007 
- e  004 

.006 - .002 
-.0w5 
- ,005 - .010 

- ,002 

----- 

.020 
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TABm 11.- SURFACE P F @ S m  COEFFIREWPS FOR LAUNCH VJBICLE - Continued 

(j) M = 0.80; a = -6' t o  6'; $ = 30' 

Upright 

c, in .  

12.51 

13.01 
13 - 51 
14.01 
14.51 
15.01 
15.51 
16.01 
17.01 
18.01 
19.01 
2l.01 
23-01 

24.09 
24.59 
25.59 
26-39 
27.59 
28.09 

28 *39 
28.85 
29.35 
29.85 
30.35 
30.85 
31.35 
31.85 
32-85 
33.85 
34.85 
36.85 
33.85 
39.24 

43.85 

45 J35 
47.85 
49.85 

40.85 
42.85 

44.83 

a=-60 

-0.207 

.042 

.098 

.(Bo 

.056 - 039 

.032 

.024 

.02l 

.025 

.027 

.Oh5 
,241 

.lo2 

.076 

.048 

.024 - .031 
-.126 

- .207 
-.087 
-a056 
- 039 - .027 - .022 - .019 - .013 
-.004 
-.004 

.004 . Oll 

.002 

.Oca. 

.002 

.002 

.001 

.002 - .013 - .079 

a=-30 

-0.229 

.015 

.@9 

.@O 

.056 
039 

-029 
.022 
.016 
.020 
* 020 
* 039 
.222 

,080 
-054 
f O 2 8  
.002 

- h o g 1  

-a137 

- .203 
-.w3 
-.061 - -044 - .032 - .027 - .023 - ,018 - .010 
-.m 
-.005 

.005 

- .003 
-.004 
-.ow - ,005 - 018 
-.@2 

0 

- .001 
* 002 

for - 
a=OO 

-0.240 

-.O@ 
.@5 
.081 
* 059 
.042 
.032 
.023 
.016 
.020 
,020 
.041 
-23.7 

.071 

.042 

.016 
-.oll 
-.062 - ,145 

-.204 - .092 - .060 

- .031 - .026 - .022 - .016 - .009 - .007 - .003 

,006 
.001 
.003 - .002 - ,002 

-.004 
-.004 
-a017 - .079 

- a  043 

0 

a=30 

-0.241 

- .025 
.070 
.070 
.046 
.032 
.024 
.015 
* 010 
.013 
.012 
,031 
,187 

053 
.025 - .002 - .029 

- 9 079 - .I57 

- .190 - .096 - .065 - .047 
- .035 
- . O S  - .025 
-.02l - .014 - .012 
- . O N  - 004 

- .001 

-.ow - .006 
-.m - .009 - .023 
-.m 

------ 
------ 

-6' 

-0.241 

- .032 

,054 
* 037 
.025 
.016 
.006 
.002 
.OW 
-005 
.023 
.168 

.038 . o l l  - .017 
- a  043 - .090 - -167 

- .196 - .lo4 - .071 
- . e4  - .Oh3 
-*035 
-.032 - .027 - .019 - .019 

.Oh9 

- -014 - .010 
-.002 ------ - .007 

- .013 - .015 - .015 - .030 

- .012 

- .lo2 

x, in .  

12.51 

13.01 
13-51 
14.01 
14'.51 
15.01 
15-51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 -59 
25-59 
26.59 
27.59 
28.09 

28.39 
28.85 
29-35 
29.85 
30.35 
30.85 
31 - 35 
31 -85 
32.85 
33.85 
34.85 
36-83 
3 - 8 5  
39.24 

43.85 
44 .@ 
45 * 85 
47.85 
49.85 

40.85 
42.85 

Inverted 

a=-6O 

-0 397 

-SO33 - .018 - .009 - .005 

.005 

.003 

.oca 

.015 

.017 
* 039 
.264 

* 099 
.071 
.046 
.02l 

- - 035 - .140 

0 

- .230 - .092 
-so59 - .Oh1 
- . O B  
- . os  
-.02l - .016 - .007 
-.007 - .004 

.001 

.009 

.001 
-005 - .001 - .001 

-.004 - .002 - .016 
-.a2 

e-30 

-0.371 

- .023 - .010 - .003 - .002 
.002 
.006 
.003 
.006 
.012 . 014 
.036 
.228 

.081 

. e 4  

.026 

.001 
- 4 3  
-252 

- ,228 

- -063 

- .032 - .027 - .023 - .017 

-.oca - .005 

.006 
0 

.002 
-.004 - .005 - .007 - .007 - .018 
-.O@ 

- 097 

- .045 

- .011 

------ 

Cp for - 
-00 

-0.352 

-.017 
-.OW 
.001 
.001 
.004 
.006 
.004 
.006 
.013 

.207 

.070 

.041 

.012 - .015 
-.m 
-.159 

- .211 
-e099 
-.o& 
-e046 - .034 - ,026 - -024 - .019 - .012 - .010 - .006 - ,003 

.003 

- .007 - .007 - .009 
-.oca 
-.&l 

.014 
035 

- .001 - .002 

- .021 

e30 

-0.334 

- .015 - .003 
.002 
.002 
.004 
.006 
,004 
-006 
.011 
.012 
* 033 
.208 

.061 

.031 

.005 

- ,072 
- .022 

- -161 

- .201 
- .097 -.* 
-.047 
-*033 
-.OB 
- . o s  - .020 - .012 - .010 - .007 - .003 

.003 

.007 

- .007 
-.007 - .010 
-.008 - .022 
-.&8 

------ 

e40 

-0.340 

- .022 - .010 - .007 
-.o(B - .007 
-.004 
-.OM - .006 

.001 

.023 

.192 

.0b3 
,013 - -014 

-.040 
-.@9 - .174 

- .202 - .lo2 - .069 
-.@2 
-5039 
- * 033 
- .029 - .023 - .016 - -014 - .009 
-.006 

.003 

- .009 

------ 

------ 
- ,004 

- .010 - .012 - .012 
- e  027 
-.loo 
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TABLE 11.- SURE'ACE PRESSURE COEFZtCIENTS FOR LAUNCH VEEIICLE - Continued 

(k) M = 0.80; a = -6' t o  6'; fl = 60° 

s, in. 

12.51 

13.01 
13 51 
14.01 
14.51 

15.51 
15.01 

16.01 
17.01 
18 .01 
19.01 
21.01 
23.01 

24.59 
25.59 
26.59 
27.59 
28.09 

28.39 
28.85 
3.35 

30 * 35 
30 * 85 
31.35 
31.85 
32.85 
33.85 
34.85 
36.85 
9 .a5 
39 * 24 
40.85 
42.85 
43.85 
44.85 
45 .85 
47.85 
49.85 

24.09 

3 .a5 

Upright 

w-6' 

-0.117 

.064 
-056 
037 
.026 
.016 
.013 
.006 
.004 
.006 . 009 
,028 
9 219 

.069 
-045 
.020 - * 010 
-.OB 
-.148 

-.260 - a 104 
-a 074 
-.@5 
-.045 
- a  040 
-e034 
-.026 
-.021 - 0 020 
-.OM 
-.012 
-.008 
-.017 - .008 
-.014. - 013 
- e  014 - .01g 
-.os3 - .loo 

-30 

-0.195 

.038 

.044 

.036 

.029 

.021 

.01g 
,013 
.013 
.014 
.ala 
.034 
f220 

.oca 

.&4 

.01g - .010 - .067 
-a145 

- * 246 - .og6 
-.067 
-.&7 
-so35 - .030 
- .oq  - .017 
- a  014 
- .oll  - .003 - .003 

- .007 

-.006 - 005 
-.006 

.001 

------ 

- .010 
-.020 - . 090 

fo r  - 
oL;.OO 

-0.243 

.013 
* 033 
.032 
* 027 
.023 . 021 
.016 
.015 
.017 
.021 
. O S  
.200 

.064 

.&2 

.015 - .014 - .070 
-.143 

- -224 
-.ogl 
-.061 
-.&2 - .031 - .025 
-.02l - .012 
-.oca - .007 - .002 
.001 
.004 

.004 - .001 
- .003 
-.007 - .017 
-.BO 

------ 
------ 

e30 

-0.300 

-.022 
.007 
.015 
.015 . Oll 
.012 
* 005 
.006 
.008 
.OS+ 
.030 
.196 

.054 

.031 

.004 - .026 
-.080 
-.149 

-.=a 
-.Og3 - .065 
-.&6 
-0035 
- . 0 3  
-.023 - .017 - .013 

- .007 
-.003 

- . O l l  

- .001 - .002 - .002 
-.005 
-.006 - .007 - .010 
-.021 
-so86 

-6' 

-0 353 

-.056 - .016 
-.O& 

- .001 
-.001 
-.006 - 002 
-.001 

.003 

.020 

.la8 

.036 

.011 - e 016 - .046 - ,100 - 265 

-.205 - .io3 
-.OP - 055 
-.043 
m.037 - .032 
-e 024 
-.021 
-.01g - .015 - * 012 - .010 
-.oog - .011 - .015 - .014 - .016 - .01g - .032 
-.io5 

------ 

x, in. 

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15-51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24 .Og 
24-59 
25.59 
26-59 
27.59 
28.09 

28.85 
29-35 
29 - 85 
30 * 35 
30.85 
31.35 
31 - 85 

33.85 
344.85 
36.85 
33.85 
39-24 

42.85 
43.85 

45.85 
47.85 
49.85 

28.35 

J2P85 

40.85 

44.85 

Inverted 

c~=-6O 

-0.121 

- 037 
-a033 - .025 - .020 - .016 - .010 - .012 
-.008 - .003 

* 001 
.020 
0 220 

.062 

.038 

.014 - .015 - .073 
-.I59 

-.281 
-.log 
-SO79 
-e059 
-.&g 

- .Ob0 - .032 
- . o s  - .026 - .014 - .ala 
-.016 
-.021 - .015 
-.020 - .01g 
-.021 
- . O S  - - 035 
-.lo6 

- .044 

am-30 

-0.073 

- .01g 

- .013 - .007 - .005 

- .003 
.001 
.006 . o l l  
,029 
.2ca 

.066 

.Oh2 

.016 - .015 -.On - .151 

-. 249 
- * 099 - .069 
- . a 9  
-so37 - - 033 - .029 
-.021 - .016 - .015 
-.oca 
-.OW 
-so04 - .010 
- .oq  - . 009 
-.OW - .010 - .015 - ,024 
-.089 

-.ala 

------ 

C p  f o r  - 
-00 

-0.050 

- .015 - .017 - .013 - . 009 
- .oq  - .001 - .002 

.003 

.008 

.013 

.032 
-217 

,065 
.041 
.014 - .015 - ,072 - .145 

- .238 

-.&a 
-.og5 - ,067 

-. 037 
- . o q  
- . O B  - .017 - .012 - .011 - .005 - .002 
0 - .003 
0 
- s o 0 5  - .005 - .007 - .Oll 
-.02l 
-.082 

-30 

-0.063 

-.024 - .023 - .01a - .014 - .011 
-.OW 
-.008 - .002 

.002 . oca 

.027 
* 199 

.&a 

.026 

- .030 
- . a 4  - .154 

- .212 
-.Og4 - .067 
-.&7 - .036 - .OTl - .026 - .ala - .015 - .013 
-.008 
-.ow - .002 - .003 - ,003 - .007 - ,007 - .007 

- .023 - .092 

------ 

- .011 

-6' 

-0.106 

-.&3 - .038 - .031 - .027 - .023 - .ala - .01g - .010 - .003 
.003 
.023 - 159 

* 037 
.013 - .015 

-.&4 
-.0* - .160 

- .200 
-.0g9 - .070 
-.052 - .Ob0 
- 035 - .031 - .022 - .01g - .018 - .014 - * 011 
-.008 
-.oog - .013 - -014 - .016 - .016 - .01g - ,032 - .io5 
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TABU II.- SURFACE PFZXLJRE COEFFICIEEUTS FOR IAUNCH VEIfICLE: - Continued 

(m) M = 1.0; a = -6' t o  6'; = 0' 

1 
! $ 
1 %  - 

3 
% 
5 

._ ' : 8 

x, in .  

11.51 
12.01 
12.51 

13.01 
13 * 51 
14.01 
14.51 
15.01 
15-51 

17.01 
16.01 

18.01 
19.01 
21.01 
23.01 

24.09 
24.59 
25.59 

U p r i g h t  

2 

8 2  
'r: 

-. 

0 
% 
5 
8 
- 

4 
2 2 
i2 
8 
- 

9 
+ 

4 

% 

--6O 

-0.583 - -555 
-*434 

- .302 
-.170 - .lo1 
-.072 
-.063 
-053 - .051 - 045 
-so37 - ,021 

so75 
-329 

-155 
.128 
* 106 
.063 

-.040 

-.270 
-.210 
-.la 
-.19 
- . u5  
- . a 9  
-.Of3 - .050 - .027 - .022 - .012 
-.008 

.032 
05? 

.036 

.023 

.023 

.016 

.la4 

x, in. 

u . 5 1  
12.01 
12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15-51 

17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24-59 
25.59 
26 * 59 
27.59 

16.01 

28.09 

28.39 
28.85 
29.35 
29.85 
30.35 

31.35 
31.85 
32.85 
33.85 

38.85 
39 - 24 

43.85 

30.85 

34.85 
36.85 

42.85 

44.85 

40.85 

a=-30 

-0 559 - .534 - .421 

-.324 - .201 
-.ll2 - .070 - .@6 
-.047 
- . a 9  - ,045 
-.041 
- . O S  

.063 - 273 

- 153 
.126 - 0 9  
.072 
.020 - .og1 

-.s1 
-.1* 
- .I75 
-.141 
-.log 
-.087 - .071 - .058 
-a035 
-.OY 
-.02l - .01g 

.014 

.01g 

.025 

.016 
,013 
.008 

' 
- 

8 
% 

Cp for - 
-00 

-0.534 - -513 
-.414 

-a325 
- . a 7  
-.llg -. 067 
-.O46 
-.09 
-.041 
e.043 
- a 0 4 0  - .027 

.066 
,264 

137 
*log - 079 
-052 - ,004 - . u 9  

- .305 -.w 
-.163 
-.130 - .log - . 090 - 074 - .061 - ,040 
-.032 
-.026 - .022 
,010 
.017 
.022 
.012 
.010 
.005 

28.09 

28.39 
28.85 
29.35 

30 * 35 

31 * 35 
31.85 
32.85 
33.85 

8 .a5 

30.85 

- a  321 

-a157 - J 2 7  - .lo7 -.om 
- * 073 - .060 - .040 
-SO33 - . o y  
-.0a . o l l  

.022 

.02l 

.012 

.010 

-.a8 

.005 

- .341 - .280 - .171 
-.L28 
-.u3 -. 093 - 079 - .066 -.ow - .041 
-.O$ 
-.02l 

.007 

. O B  

.015 

.005 . @33 - .002 

Inverted 

-0.039 -0.068 

-.414 -.432 

-.366 -.372 

-.122 -e143 

-a52 -.129 
-.123 -.m 
-.122 -.ill 
- a l l 0  -a095 
-.a -.074 
- a 7 2  -.064 
-.om -.&a 
-e037 -.dl 
-.026 -.033 

,071 .063 
-374 -331 

.194 .167 
.160 .135 
.133 .io6 
.1u . a 3  
-075 .045 

-.263 -.283 

-.176 -.206 

-.&a -.087 
-.065 -.@ 
-.ob8 - . e 3  
-.025 -.031 
-.022 -.028 

-.015 -.023 

.017 ,012 

.031 . o a  
a30 ,019 

-SO24 -.055 

- . a 6  -a244 

-.145 -.160 
-.124 -ell4 

-.012 -.020 

.002 -.001 

. a 2  ,031 

.022 .Oli 

-00 

-0.108 

- .456 
- .140 

-.388 - ,131 
-.0* 

- .062 - .056 - .Ob7 
-.043 
- 035 

.060 

.294 

.152 
JJ-9 

. 064 

.021 
-.m 
- .28c 
- . a 3  
-.a6 - .150 
-.UO 
-.084 - .065 
-.051 - .030 - .027 - .02c - .023 
.001 
.017 
.024 

- .Og4 - * 079 

.Oag 

.015 

.013 

.007 

-30 

-0.132 - s3.54 - .436 

-a390 
-.154 
- - 097 - . 090 - .078 - .os3 
-.Of50 
- e  054 - .04g - .032 

.066 - 290 

. 141 

.io7 
075 

.Oh9 . 004 
- -097 

-.296 - .291 
- .228 - -136 - .lo2 
- . a 4  
-.068 
-so56 - .036 - .030 

.017 

.030 

.01g 

.008 

.007 

.002 

- .024 - .014 

-6' 

-0.150 -. 159 - .439 
- . 4n  - .203 - a093 
-.089 
-.ma 
- * 075 - - 074 
-.068 
-.064 
-.&5 

.054 
* 299 

.123 

. a 7  

.056 

.OW - .016 - .io7 

- .326 - 336 
-e257 
- . E L  - .io3 
-.101 - .071 
- .062 
-.0b3 - ,030 
-.053 - .016 
.010 
.026 
.015 
.003 

-.O& 
.001 
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TABU 11.- SURFACE PRESSURE COEFKtCIENTS FOR LAUNCH VEECCU - Continued 

(n) M = 1.00; a = -6O t o  60; fi = 30' 

Y, in. 

12.51 

13.01 
13 * 51 
14.01 
14.51 

15-51 
15.01 

16.01 
17.01 

19.01 
18.01 

21.01 
23.01 

24.09 
24-59 
25 * 59 
26.59 
27.59 
28.09 

28.39 

29.35 
29.85 
30.35 
30.85 
31-35 

32-85 

28.85 

31.85 

33.85 
34.85 
36.85 
33 .a5 

40.85 
42.85 
43-83 
44 .a5 
45.85 
47.85 
49.85 

39 * 24 

w-6' 

-0.413 

- .181 - .le 
-.068 - ,069 
-.os5 - .061 
- -059 
-.WO 
- . O S  - .030 

.072 

.322 

.I73 

.143 
-115 
.Og4 
* 053 

-.040 

-.284 
- * 233 - .la6 - .161 
-.129 

-.&2 - .065 
-*039 - -035 - -024 - .017 

.027 

.ala 

.026 . o l l  

.008 
-004 
.006 - .002 - .065 

- .lo1 

(IF-30 

-0.441 

- .227 - .llO - -059 
-.052 - .046 
-.044 
-.049 
- e  046 
-.0* - 034 

.066 

.289 

.125 

.og6 

.072 

.023 - .076 

- ,300 - .225 - .la2 - -146 
-.ll4 
- - 093 - .078 
-.062 
- 039 - .031 
- . O S  - .020 
.015 
.015 
.023 . o l l  . 008 
.004 
.003 - .007 

.154 

-.lo1 

G O O  

-0.458 

-.262 
-.128 - .062 - .Oh5 - .036 - .032 
-a039 - * 042 
- 035 
- . O S  

.069 
* 275 

.138 

.ill 

.&1 

.056 

.001 - .loo 

-a326 -. 228 - .165 - -135 
-.1ll 
-so93 - 079 - .063 
-.041 
-*033 - .027 - .01a . 014 

.016 

.021 

.010 

.007 

.003 

.002 - .010 
- a20  

-30 

-0.461 

- .265 

- .076 
-.l42 

- 053 - * 039 - 034 
-.040 
-a043 
- - 035 - 024 

.072 

.254 

.127 
-097 

.Oh0 - .016 
-.121 

-e319 - .242 
- e164 - * 133 
-.ill - .og1 
-.OB - .063 - .Ob3 - 035 - .030 - .020 

.015 

.02l 

.ala . 009 
,006 
,001 
.001 - .013 - -130 

,068 

w6O 

-0.454 

- . a 3  - .163 - .og6 - .066 
-.047 

-.049 
- * 039 
-.014 

.06a 

.24j 

.113 

.&4 

.051 

.023 - .029 
-.la 

- .343 
-a277 
-.19c - .141 - .12c 
-.lOC 
-.&t - .072 - .052 
-.&3 
-* 037 - .02c . ooe 
.016 
,014 
.004 

0 
-.004 - .004 - .O lS  
-.141 

- -042 - .046 

:, in. 

12.51 

13.01 
13-51 
J4.01 
14.51 
15.01 

16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

15 * 51 

24.09 
24-59 
25.59 
26 * 59 
27.59 
28.09 

28-39 

3.35 
29.85 
30.35 
30.85 
31 - 35 
31 * 85 
32.85 
33.85 
34.85 
36-85 
33.85 
39 * 24 
40.85 
42.85 
43.85 
44.85 
45.85 
47.85 

28.85 

49.85 

Inverted 

w-6O 

-0.383 

-287 - .192 
-e137 
-.134 - . l l4  - * 093 
-.a30 
-e056 
-.040 - .038 

.068 
* 3 6  

- 177 
.143 

.Og8 

.061 
-.OB 

-.279 - .234 

.=a 

- .la9 - .166 - .131 
-.loo 
-.&O - .062 
- 037 - . 034 - .025 - ,024 - .001 

.005 
* 029 
.017 
.013 
.008 
* 009 - .003 - .065 

a=-30 

.O - 393 

-.267 - .164 
-.U6 
-.ll3 
-.093 
-so73 
-.065 
- . e o  
- * 039 
-.o% 

.064 

.306 

.158 - 127 
- 0 9  
.078 
,038 

-so53 

-.291 
-.255 
-.2W - .162 - .122 
- a  094 
-so75 

- 035 - * 033 - .025 
- a  024 

.002 

.008 

.027 

.015 

.012 

.007 

.006 
-.o& 
-.a35 

- . ~ a  

a=OO 

-0.403 

-.2@ 
--I53 - .og8 
-.093 -.on 
-*059 - a055 
-.046 
-.o* - .038 

.062 

.288 

.I48 

.117 

. a 7  
- 6 5  
.020 - * 077 

-.@a - .262 - .201 
- * 157 
-.ll4 
-.a37 - .072 - * 055 - * 035 - .029 - : 023 

.003 

.025 

.014 

.010 
* 005 
.004 - .007 - .io9 

-.021 

.01a 

-30 

-0.3% 

- .282 - .170 - .og6 
-.a39 

- .060 - .060 - -054 
-.044 - .036 

.067 
292 

* 137 
.002 
* 073 

- .074 

.&a 

.003 
-.087 

- .318 - .302 - .187 - .149 - .113 - .094 - .078 
-.CY52 - . 040 
-a033 - .028 
- e  014 
.01g 
.029 

-005 
.002 - .002 - ,001 - .012 

.ala 

- .115 

G P O  

-0.390 

- * 336 
-.209 
-a097 - .og6 
-.&7 - .076 
- * 077 - .072 - .062 
-.Wl 

.052 
-273 

.lll 

.078 
,047 
.021 - .027 - .119 

-e351 
- *  293 

- sly+ 
-.ill 
- * 095 - * 077 
- .065 
-.042 
-a035 
- . o q  - -014 

.013 

.01g . Oll . 000 - .003 - a 007 
-.OB - .020 - .140 

- .203 
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TABLE 11.- SURFACE PFUW3URE COIFFICI~S FOR LAUNCH VEBICLE - Continued 

(0) M = 1.00; a = -6' to 6O; $ = 60' 

13.01 
13.51 

15.01 

17.01 

19.01 
21.01 
23.01 

14.01 
14.51 

15.51 
16.01 

18.01 

2 4 . e  
24-59 
25.59 
26-39 
27.59 
23.09 

28.39 
28.85 
29.35 
29-85 
30.35 
30.85 
31-35 
31-83 
32-85 
33.85 
34.85 
36.85 
33.85 

40.85 
59-24 

42.85 
43.85, 
44.85 

47.85 
49.85 

45.85 

c, in. 
w-6' f 12.51 -0.391 

- .3u 
-.122 

-.e85 

-.a67 

-.045 
.058 
.290 

-.og7 
-.og6 

-e073 
-.075 

-.059 

238 
.log 
.084 
-058 
.010 
-.OB 

-.334 
-.265 
-.22l 
-0177 - - 139 

- - 099 
-.079 
- - e 7  
-.053 
-.032 
-.OB 
.008 

.OM 

- .u5 

-.OO? 

-.007 
-.OOg 
-SO12 
-.016 
-a019 
-a097 

a=-30 

-0.39 

- * 315 - .lo8 
-.089 
-0079 - .065 - -054 
- * 057 - .051 
-.045 
-.033 

.061 

.280 

- 139 
. l l 2  
.086 
-059 
.006 - .077 

- ,335 
-.a2 - .185 - -141 
-.xi7 - -099 
-.084 - . 061 
-.Ob2 - ,035 - .023 
-.02l 

.013 

.009 

.020 

.008 
-005 
.001 - .003 - .010 - .111 

Gp for - 
US00 

-0.404 

-.3u - .123 
-.og8 
-.&1 
-.63 - .051 
-.053 
-a046 
-.041 - .032 

.065 

.248 

* 133 
.io7 
.080 
.051 
-.006 - .lo1 
- * 338 -. 232 
-.174 - .19 
- . l l2 
-a 094 
- * 077 
-so57 
- a  041 
-a034 
- . O S  - .01g 

.015 

.007 

. 011 

.020 

.010 

.004 
0 - .010 - .124 

-0.409 

- -324 
-a156 
-.la - .og1 
-.06g 
-.057 - ,056 
- A 9  
-.043 - ,031 . 068 

-265 

.129 

.lo4 
,074 
-044 

- a  014 
-.log 

- .347 - * 233 - ,185 - .141 
-.ll3 - m094 - .078 
-so59 
-.043 - .036 
-.OB - .020 . 009 

.015 

.018 
* 010 
(. 007 
-003 - * 001 - -014 - .129 

ad? 

-0.420 

-.338 - .192 - .150 
-.ll4 
-.085 - .m - .066 - ,057 
-.049 - .01g 

,065 
.272 

.llO 

.@3 
-053 
.023 - - 034 - .131 

- .335 - .256 - ,202 - .150 - .u8 - .lo1 
-.084 
-.067 - -054 

-9037 - .025 
.003 
.008 
.Oca 
.001 - .002 - .005 

-.ow - .020 - -144 

- .046 

K, in. 

12.51 

13.01 
13-51 
14.01 
14.51 

15 -51 
15.01 

16.01 
17.01 
18.01 
19.01 
2l.01 
23.01 

24.09 
24 * 59 
25.59 
26.59 
2-7-59 
28.09 

28.39 
28.85 
B.35 
29 - 85 
30.35 
30.85 
31.35 
31-85 
32-85 
33 - 85 
34 -85 

58-85 
39 * 24 

56-85 

40.85 
42.85 

44.85 
43 * 85 

45 * 85 
47 * 85 
49-85 

Inverted 

e-6' 

-0 - 297 

-.m8 - .217 
- * 175 
-.150 - .123 
- .099 
-.089 - .069 
- . d o  
- . E O  

* 053 
.297 

* 139 
.112 
. a 5  
.062 
.015 

-e059 

- .328 - .272 
-.228 - * 173 
-.U7 
- a 7  - .lo1 - .078 - .058 
-.055 - -037 
-.041 - .018 - .018 

* 012 - .001 - .004 
-.oca 
- .014 - .020 
- 097 

UF-30 

-0.270 

- .194 
-.184 - .141 
-.ll7 
-.w3 
-.072 - .066 
- * 053 
-.046 
-e039 

.058 
279 

.141 
-115 .m 
.062 
.012 

-.06g 

-.325 
-.260 - .196 - ,156 - .124 
-.Og8 
-.a0 
-.059 
- .042 - .038 - .026 - .026 - .003 - .001 

.021 

.012 

.OB 

.004 
-.001 
-.w - .lo2 

Cp f o r  - 
WOO 

-0.300 

- -199 - -174 
-.128 - .io3 
-.a31 - .062 
-.E9 - .048 
-.043 
- * 037 

-057 
-300 

-141 
.114 
.086 
.060 . 009 - .074 

- * 327 - -243 - .176 - .151 - .117 - .092 - .074 
- *  053 
- e  034 
-.028 - .01g - .01g 

.002 

.014 

.026 

.015 

.012 
* 008 
.002 - .007 - .io7 

e 3 0  

-0.242 

- .123 

- .u8 - .og6 
-.O@ - -076 
-.065 - .058 - .043 

* 057 
V6 

.n8 
* 091 
.063 
* 035 - .020 

-.u2 

- -196 
- .145 

-.358 - .222 - .185 - .150 
-.llg 
- - 097 - .078 
-5059 - .043 
-.O$ - .027 - -014 

.012 

.015 

.0r4 
-005 
.002 - .001 - .004 

- .l34 
- .013 

a=60 

-0.250 

- .274 
- .u5 
- * 155 - .129 
-.llO 
- -093 
-.@g 
- e  074 - .063 - -045 

-055 . a 5  

.105 - 079 

.0b9 

.020 
-a037 - .138 

-.321 - .249 
- * 195 
-.150 - . l l7  
-.@9 - .082 - .065 - .048 
- a  040 - . 031 - * 020 

.005 

.oca 

.OW 
-.004 - .007 

- .013 
- .010 

- .022 - -148 

28 



I 

k 
0 
k 

P V 

- 

I 

k 
0 
4-1 

F4 V 

I 

- 
G 
d 

x ..\ 

. . .  . .  . . .  . . . . . . . .  . . .  
0 1 1  ; ; ; ~ ' i  I I I I I I I I 1 0 1  I I 

I 

O i l  1 1 1 1 1  t l t l l l l l  0 
I 

o i i  I I I I I  I 1 1 1 1 1 l 1 1 1  I I  
I 

0 1 1  l i l t 1  I I 1 1 1 1 1 1  
I 

%CUE c u W c o W r l a O o c u 0  
t - f c u c u d d c u %  l n f f  t-CocnWcncnln t-cnln C u c n W t n M l n M  

0 1 1  l l l l l  0 
?? =! ? ? ? ? 0.9 ? ? 
l l l l l l l  

< ?  0 

I 
?<-? ? ? ? ? ? ? ?  

I 

g l l  1 1 1 1 1  I 1 1 1 1 1 1 1 0 1  I I  



TABLE 11.- SURFACE PRESSURE COl3l?FICIEIiTS FOR LAUNCH VEHICLE - Continued 

(9) M E 1.20; u = -6' t o  6'; fl = Oo 

Upright 

x, in. 

11.51 

12.51 
12.01 

13.01 
13-51 
14.01 
14.51 

15-51 
15.01 

16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.59 
25.59 
26.59 
27.59 
28.09 

28.39 
28.85 
29.35 
29.85 
30.35 
30.85 
31.35 
31.85 
32.85 
33.85 
34.85 
36.85 
38.85 
39 * 24 

43 -85 

24.09 

40.85 
42.85 

44.85 

k-6' 

-0.361 - .312 
- e  246 
- .165 - .080 
-.040 
-.024 - 014 - .005 
-.006 
-.004 

.007 

. o n  

.276 

.151 

.134 

.129 

.121 
* 075 

-.io3 
- . a 6  - .063 
-.045 
-a 041 - .036 
- 035 
-.026 - .017 - .001 
-.O@ - .003 

.002 

.003 

.007 

.01g 

.006 . 009 

------ 

173 

t 

e-30 

-0.369 - .316 
- 233 
-.174 - .lo1 
-.048 
-.02l - .Oll 
-.O& 
-.006 - .005 - -004 

.002 
-.001 

.225 

.146 

.128 

.io7 
-093 .om 
.028 

- 133 
- . a 7  - .072 - .060 
- 055 
- .OM 
-.041 
- -035 - ,031 - .020 
-.Oil - .010 - .015 - .012 . 004 
.001 
.008 
.003 

for - 
k 0 0  

-0.370 - .322 - .229 
- .176 
-.io5 
-.&6 - .015 
-.002 

.002 - .001 - .001 - .001 - .001 - -004 

.234 

.131 

.io6 
,090 
077 

.065 . Oog 
-.148 
-.llO 
-.087 - .069 - .060 - .050 - -045 
-*037 - .030 -. 021 - . 009 - -018 - .010 
-.008 - f 010 

.003 

.007 

.001 

-0 * 379 - .334 - .249 

I:%; 
- .024 

.006 

.015 

.016 

.006 
c .001 - .006 
-.001 

.002 

.242 

.124 

.094 
* 073 
.061 
.048 - .008 

- * 157 - .124 - .loo 
-.077 - .060 
-.049 
- . a 6  - .036 - .023 - .022 
-.006 - ,017 - .016 - .007 - ,007 

.004 

.001 - ,004 

-6' 

,0.379 
-.343 - -246 
-.163 -. 076 
-.008 

.022 

.026 

.024 

.015 
* 009 
.003 

.251 

. l l4  

.081 
* 056 
.044 
-034 - .012 

- .166 - -141 - .123 
-e086 
-.065 
-.053 
-.049 - .044 - .025 
-.016 - * 012 - .024 
-.021 
.001 - .010 - .004 
-.OB - .014 

.002 

.002 

x, in. 

11.51 

12.51 
13.01 

12.01 

13 * 51 
14.01 
14.51 
15.01 
15-51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24-59 
25.59 
26.59 
27.59 
28.09 

28.39 
28.85 
3.35 
29.85 
30 35 
30.85 
31.35 
31.85 
32.85 
33.85 
34.85 
36.85 
38.85 
39 24 
40.85 
42.85 

44.85 
43-85 

Inverted 

0.109 

- .227 

* 195 - .122 
-.043 
-so39 - .036 - .032 
-.028 
- e  018 - .003 

.008 

.010 
e 3 5  

.192 - 159 
-135 
.131 
.122 
.086 

.Oh5 

- * 097 - . 090 - .066 
- . B O  - .Oh3 
- ,039 
-.040 - .029 - .01g - .001 - .007 
-.003 
0 . 004 

.007 

.oi8 

.005 

.om 

e-30 

0.073 
.010 - .256 

- .226 - .loo 
- 035 
-e039 - .036 
- . o q  
-.OB - .017 - .007 
.001 

* 257 
0 

.165 
-137 
. l l 2  
.og6 - 093 
* 055 

-.ut3 
- . n o  - .og1 - .072 - .060 - ,048 
- 039 
- a  032 - -030 - .019 - .014 - .008 - .016 
-.008 

* 005 
.001 
.006 
.005 

, for - 
e 0 0  

0.029 
- e  024 
-.!a+ 
-.257 
-.086 - .031 - .031 
-.028 - .023 - .021 - .010 - .003 - .002 - -004 

.231 

.115 
-094 
.078 
.065 
.018 

- .132 
- e n 6  - .lo2 
-.OB2 - vO64 -. 052 
-.047 
- -037 
- . O B  - .021 
-.008 - .ox3 
-.OW 
-.O& - .012 

.005 
,007 
.001 

.144 

-30 

-0.030 
-.072 

- .227 - .070 
-.042 
-.036 
-.028 - .020 - .019 - .016 - f 010 - .006 - .001 

.224 

.140 

295 

.io6 - 079 

.065 - 053 

.008 

- .134 - .129 
-.130 
-.0* - ,062 
- -053 
-.@O 
- . O S  - .026 

- .006 
- e  018 - .017 
-.ow - .012 

.004 

.001 
-.006 

- .022 

0r=60 

-0.074 
- *  093 
-.m 
- . u 7  
-.086 - .071 - .046 - .031 - .026 
-.022 - .013 
- .013 - .012 - . 009 

.231 

.124 

.082 

.054 

.043 

.034 - .002 

-.152 
- -153 
-.138 

- .072 - * 057 - .051 - .043 - .029 - .017 
-.008 - .024 - .021 
.001 - .012 - .002 - ,006 - .014 

- -116 



TABLE 11.- SURFACE PRESSURE COEFFICIENTS FOR LAUNCH VE3ICLE - Continued 

(r) M = 1.20; a = -6' t o  6'; fi = 30' 

:, in. 

12.51 

13.01 
13 - 51 
14.01 
14.51 

15 * 51 
15.01 

16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24.59 
25 59 
26.59 
27.59 
28.09 

28.39 
28.85 
29.35 
29.85 
30.35 
30.85 
31.35 
31-85 
32.85 
33.85 
34.85 
36-85 
9.85 
39 * 24 
40.85 
42.85 
43.85 
44.85 
45.85 
47.85 
49.85 

upright 

m-6' 

-0.234 

A. 041 

- .021 
- ,029 

- .013 - .007 - .007 
-.Oll - .010 

.002 

.006 
275 

.165 

.141 

.123 
218 
.io9 
.070 

-.=8 
-.lo4 
-a075 
-.064 - SO54 
-.049 
-.ab9 
- * 037 - -018 - .012 - .020 - .015 - .006 - .006 
-.004 

.008 - .006 - .003 - 005 - .006 
-.o& 

------ 

e-30 

-0.258 

-.&O 
-.048 - .015 
-.004 
.001 
.002 

-.ow - .005 
.002 - .001 
.003 
.250 

.150 
228 
.io7 
.094 
.090 
.Ob7 

-.1% 
-.xi5 - .076 
-.068 - .058 
- a  049 - 045 
-a037 - -028 - .018 - .018 
-.oll 
-.Oll 
-.O& 
.001 - .002 
.001 

0 
.002 - .006 

- * 035 

p for - 

-0.286 

-.ll3 - .060 - -014 - .005 
.003 
.007 
.001 
.002 . OW 

.249 

135 
.1& 
,090 . 080 
.067 
.025 

- -153 - ,132 
- a  084 - .071 
-*059 - .051 -.om - .038 - .023 
-.021 - .018 - .016 - .002 - .002 
-.010 - .003 

.004 

.003 

.002 
- . O l l  
-.047 

------ ------ 

as30 

-0.297 

-.ll7 - .066 - .018 - .009 
.003 
.005 - .002 - .006 

0 
- .005 

.215 

.123 

.096 

.072 

.063 

- .003 

.002 

.045 

- -148 
- * 137 
-.lo4 
- * 079 - .063 
- .E3 
-.048 -. 039 - .018 - .024 - .017 - .015 
- . O I L  - -004 - .009 
-.004 - .002 
- .001 
- .003 
-.OW - .060 

as6' 

-0.300 

-.120 - .091 
-a037 
-.os - .009 - .006 
-.o& 
-.007 - .001 - .010 - .003 

.201 

.io6 

.078 

.052 

.044 

.028 - .011 
-.I57 - .152 - .lll - .096 -.on - .061 
-.054 
-SO46 - .027 - * 022 - .019 - .026 - .017 
-.O@ - 016 - -014 - -014 - .Olk 
-.o& 

-006 
-a059 

c, in. 

12.51 

13.01 
13-51 
14.01 
14.51 
15.01 
15 * 51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 * 59 
25.59 
26 * 59 
27-59 
28.09 

28.39 
28.85 
29.35 
29-85 
30.35 
30.85 
31 * 35 
31 - 85 
32 * 85 
33.85 
34 -85 
36-85 
38.85 
39 - 24 
40.85 
42.85 
43 85 
44.85 
45.85 
47.85 
49.85 

Inverted 

-6' 

-0.165 

- .196 
-.&6 - ,070 - .058 
-.047 - .041 
- - 039 
-.O@ - .004 - ,003 

.003 

.269 

.171 

.142 

.120 

.U8 

.lo8 

.072 

-.ll5 - .io6 - .076 
-.064 
-so57 
- . e 4  - .052 
- . o g  - .020 - .012 - .020 - .015 
-.006 
-.004 
-.OW 

.007 
-.Oo8 - .003 

.003 
-.008 
-.O& 

-- 
as-30 

-0.186 

- .188 
-.&7 -. 056 - .Oh5 
-*Q36 - .031 - .030 - .019 - .003 - .005 

.236 

153 
.128 
.io6 
. a 9  
.087 
.051 

-.128 
-.xi9 - .090 
- * 077 - ,062 
-.@1 - .Ob7 
-.09 
-.028 - .019 
- ,018 - .010 - .013 
-.008 

- .001 

0 
* 002 - .006 

-.OB 

0 

----- 
----- 

? for - 
U=OO 

-0.209 

- .182 - .096 
-.044 
- .032 - .025 - .021 
- . o a  
- .009 

.004 - .002 - .001 
-233 

.143 

.114 

.091 

.&O 

.065 

.022 

-.I39 - .123 
-*095 
-.O@ 
-.064 
- 4 5 4  
-.049 
-e039 - .022 - .020 - .017 - .015 - .004 - .001 
-.OU 
-.OW 

.003 

.002 
0 
-.oll 
-.e2 

e30 

-0.204 

- .165 - .091 - ,045 -. 033 - .024 - .018 - .018 - -014 - .002 
-.OB 

.002 

.249 

- 137 
.lo4 
.078 
.066 
-053 
.016 

-.149 - -147 - .lo8 
-.&4 
- . on  - .060 - .050 

- .017 - .023 
- .018 - .018 - .011 
0 - .011 
-.005 
- . o b  
- .002 - .002 - .010 - ,047 

- .040 

-6' 

-0.192 

- .162 - .115 - .065 
-.047 - .030 
- . O S  
- .025 - .017 - .006 - .015 - .004 

.234 

.U6 

.&o 

.052 

.044 

.026 - .010 

- .165 
- * 139 
-.U5 
- * 099 
-.&3 - .060 
-.@2 
-.043 - .023 
-.021 - .016 - ,023 - .017 - ,006 - -016 - .011 
- .012 - .013 - .006 

.007 - .061 
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TABLE 11.- SURFACE FWSSURE COEFFICIENTS FOR LAUNCH VFXICLE - Continued 

( s )  M = 1.20; u P -6' to 6O; $ P 60' 

xJ in.  

12.51 

13.01 
13 * 51 
14.01 
14.51 

15.51 
15.01 

16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24.59 
25.59 
26-39 
27-59 
28.09 

28.39 
28.85 
29 35 
29.85 
30.35 
30.85 
31 * 35 
31.85 
52-85 
33.85 
34.85 
36.85 
38.85 
39 - 24 
40.85 
42.85 
43-83 

45.85 
47-85 
49.85 

44.85 

upright 

e-6' 

-0.176 

- .244 
-.113 - .046 
- a  032 
- . O S  - .025 
-.034 
-.028 - .021 

- * 019 
.242 

.l32 

.log 

.@9 . 080 - 059 

-.150 - .123 - .110 
- .097 
-.082 
-0073 - .067 - .048 - .024 
- -035 
- a  034 
- * 033 - .027 - ,030 - ,018 - .013 - ,023 

- .ala 

.028 

- .020 - .020 - .020 - .028 

C 

m-30 

-0.203 

- .223 
- 077 
-.OB - .024 - .018 
-.010 - .017 - .012 
-.OB - .007 
-.004 

.241 

.134 

.114 
* 097 . a82 
.064 
.031 

- .na - .149 

- .lo2 
-.a81 
- . O B  
- * 055 - .051 - .036 
-.015 - .023 - .01g 
- a  014 
-.017 - .015 - .003 - . 009 
-.001 
-.004 - . 009 
-.008 - -040 

for  - 
-00 

-0.221 

- * 222 
- .066 - -034 

- .021 - .010 - .012 

-.028 

-.005 

-.001 - .005 
-23-7 

.130 

.lo8 . 088 

.a80 

.056 

.015 

-0159 

W.09 -. 072 
-so59 - 053 - .050 - 035 - .010 - .022 - ,017 - .016 - .003 

------ 

-.112 

- .004 - .010 
-.004 

.002 

.005 

.001 
-.008 
m-055 

-0.198 

- .242 
-.092 
-.e55 
-a037 
-.026 
- a  014 - .016 - 014 - .011 
-.Om - .001 

.231 

.126 

.io3 

.068 

.046 

.007 

-.162 - s 2 3  
-.loo - .a81 - .068 - .058 
-.051 

- .015 

-.023 

- .013 - .O'@ 

079 

- e  034 

-a024 

- . 014 

- .010 
-.012 - .001 

.003 - .001 - . 009 - .072 

- 
-60 - 
,On 193 

-.277 
- - 135 - .092 - .063 

- ,031 - .031 

- .015 - .015 

.227 

.lo4 

.080 
057 

.045 

.022 

- .Oh7 

- ,022 

- .012 

- .ala 

- .150 - ,128 
- . l l2  - * 093 
-.a80 - .068 
-.058 
-.042 
-.02g - .030 - .027 - .030 
-.022 - ,019 - f022 - .023 - .015 

-.003 
-.083 

- .012 - .012 

- 

Inverted 

in.  

12.51 

13.01 
13 -51 
14.01 
14.51 
15.01 
15 * 51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 59 
25.59 
26 59 
27.59 
28.09 

28.39 
.a5 

29.35 
29.85 
30 35 
30.85 
31.35 
31 * 85 
32.85 
33.85 
34.85 
36.85 
33.85 

42. 85 
43.85 
44.85 
45.85 
47.85 
49 .85 

39 * 24 
40.85 

e-6' 

-0.137 

- .078 - ,107 - .lo1 
-.a85 - .067 
-.e1 
-.Ob9 
- .035 - .023 - .01g - .01g 

.240 

.130 

.io7 

.@9 

. d o  

.058 

.028 

-.148 - -124 
-.ll3 
-.loo 
-.085 - .076 - .067 
-.050 
-.OB 
-.036 - -036 - .034 - ,029 - ,031 - .01g - so14 
-e 024 - .01g 
- . o a  - .022 
-.OQ 

C 

a=-30 

-0.134 

-.061 - .lo4 - . 090 - .061 
-.044 - .028 - .030 - . 018 - .012 - .009 - .006 

.220 

* 133 
.113 
.094 
.078 
.058 
.027 

-a50 - ,116 - .lo1 
-.a81 - .071 - .060 
-.e56 
-.040 - .016 - .025 - ,020 - .015 - - .016 - .ow - .010 - .001 
-.006 - .010 - .009 - 039 

fo r  - 
-00 

-0.060 

- .070 - .lo4 
-.080 
-.@O 
- - 035 - .020 - .022 - .009 - .002 - .001 
-.004 

,263 

.138 

.JJ3 

.092 

.082 
,057 
.022 

- 153 - .120 
-.087 - ,071 

-.057 - 053 - -034 - .010 
-.021 
-.018 - .016 
-.004 
-.002 
-.OW 
-.007 
.001 
.005 - .001 

-.OM 
-.042 

- .064 

-30 

0.013 

-.a30 
-.115 - .076 
-.w2 
- - 039 - . o g  
-.027 
- . o a  - -016 - .013 
-.005 

.230 

.120 
-096 
.076 
.062 
.040 

- .162 
- . ug  
-5096 
-5079 - .070 - .061 
-.051 
-a037 - .017 
- .oe - .025 - .0&7 
- .015 

- .013 - -013 
-.004 
.001 - .003 - .011 -.On 

-.Oll 

m60 

-0.035 

-.119 - .129 
-.a2 - .061 
-.046 
-5033 - 0 033 - .021 - .012 - ,012 
-.006 

.182 

.108 

.084 
* 059 
.046 
* 022 

-.021 

-.156 - .120 
-.llO - . 090 
- - 077 - .067 
-.@a - SO42 - .027 
-.OB - .026 
- . o s  - .023 - .018 
-.021 - .022 - .015 
-.oll  
-.Oll 
0 - * 079 
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Y, in. 

12.51 

13.01 
13 -51 
14.01 
14.51 
15.01 
15 -51 
16.01 
17.01 
18.01 
19.01 
21.01 
23.01 

24.09 
24 *59 
255.59 
26 - 59 
27 59 
28.09 

28 -39 
28.85 
29-35 
29.85 
30.35 
30.85 
31 35 
31 9 85 
32.85 
33.85 
34 85 
36 085 
9 -85 
39 24 

43.85 
44.85 

40.85 
42.85 

TABLE 1II.h LAUNCH VEHICLE SECTION NORMAEFORCE COEFFICIENTS 

(a) a = k3u 

c, for - 

M = 0.60 

-0 0823 

- - 0655 - * 0699 - .0512 - 0360 - 0257 - 0179 - .0132 
-.om3 
- .0065 - 0052 

- .oil5 

- .0217 -. 0252 - .0232 

- .0047 

- -0235 

- .0210 - * 0222 

- .0005 

- .0068 - .0081 - .0058 

- .0026 - .0038 

- .0072 
- .O@O 
- .0023 - .0028 

- .0&3 

- .0052 

- 0079 

- 0044 - -0053 

- 0073 

------- 
- .OO@ 

M = 0.80 

-0.0839 

- .0272 - -0715 
- .0643 ------- 
- -0346 - .0241 - .0206 - .0122 
- .0101 - .0088 - .0070 - .0168 

- .0206 - .0225 

- .0216 
- .0218 

------- 
- .0245 

.0145 
-.00q - .0028 - .oo27 -. 0021 - .0018 
- e  0024 - 0024 - 0024 - .0029 

- .0030 
- 0039 

------- 
- -0004 ------- 
- .0030 - 0033 - -0034 

M = 1.00 

-0.0807 

- , 0 0 9  
- .&80 
- -0343 - ' 0359 - .0256 
- .0204 - .0151 
- . o u 3  - .0098 
- .0036 - .0021 

.0027 

- .0185 

- .0252 - .0228 
- .0206 

- .0205 

- .0152 
0037 

.0013 

.0012 
0033 

.0014 - ,0011 - .0019 - .0036 

.o&o 

.0019 

.0107 
- .0060 - .0056 
- .0051 

- 0226 
- e 0244 

- 0402 

- .0047 

M = 1 . 2 C  

O.Og7l 

.0147 - . 0250 - .0301 - .02@ - .0228 
- .0181 
- . 015  - . 0100 
- .0064 
- 0073 - .0008 - -0053 

- .0125 

- .0271 - .0263 

- .0224 

- -0294 

- * 0100 - .0230 - 0243 - 0148 - so099 - .0080 
- .0042 - .0023 

.0046 

- .0013 
- .0060 

.0004 

.0065 - .0121 
-.002l - 0042 - .0002 

- SO033  

M = 0.60 

-0.0347 

- -0336 - -0591 - .0494 
-00357 -. 0253 - ,0180 - 0122 
- .0068 
- a  0053 - .0027 - .0004 

.0267 

0165 

.0172 

.0167 

. o n 1  - .0029 

- .0191 - .0023 - .0013 - .0026 - .0013 - .0013 
- .0026 - .0025 
- .0023 - .oo* 

- .0018 
- .0023 
- * 0039 
- .0016 - .002l - .0008 - .0017 

.0142 

------- 

a = 30 

vl = 0.80 

-0.0207 

.0138 - .woo 
- .0558 - -0441 - .0299 - - -- -- - 
- .0128 
- .0054 
- .0020 
- .0008 

.0020 
039  

.0208 

.0246 

.0249 
0255 

.02ll 

.0015 

- .0032 
.0003 
.0005 
.0016 
.0003 - .0008 
.0008 
,0011 
.0008 
.0020 

- -0403 

------- - - -- --- 
- ,0023 

-0009 
,0006 

------- 
0 

M = 1.00 

0.0791 

.0400 
'0037 - .0249 

- .0500 
- .05& - .0347 
- .0227 
- .0074 - .0041 
- .0126 - .0101 

.0b15 

.0266 - 0253 
0270 - 0333 
.0481 
9 0635 

'0297 - .0230 - .0328 - .0258 - .0107 - .0026 
.0016 
0037 

.0058 
* 0012 
.0w0 - .0&6 - .0131 

- 0143 
.0072 

.0050 

.0&5 

.0m4 

-- 

1 = 1.20 

0.0683 

e0363 - .0160 - 0315 - ' 0353 
- 0355 - .0311 

- .0107 - ,0018 

.0072 

- 0253 

0 
.0034 

.0248 

.0274 
0292 

.0230 

.0326 

,0226 
.01e6 
.0072 
.0020 - . 0009 
.0002 

0 - .0012 - ,0060 
0023 

- ,0011 
.0038 

- .0029 

.0013 

.0451 

- 0039 ------ 
------ 
- .0012 
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TABLE 111.- LAUNCH VEBICLE SECTION NORMAL-FORCE COEFFICIENTS - Concluded 

(b) a = so 

:, in .  

12.51 

13.01 
13-51. 
14.01 
14.51 
15.01 
15 -51 
16.01 
17.01 
18.01 
19.01 
23. * 01 
23.01 

24.w 
24.59 
25.59 
26 59 
27.59 
28.09 

28 39 
28.85 
29.35 
29 -85 
30 35 
30.85 
31 35 
31 -85 
32.85 
33 -85 
34 *85 
36 985 
38 085 
39 - 24 
40.85 
42.85 
43 085 
44.85 

M = 0.60 

-0 * 1375 

- 4 9 8  - .0896 
- a  0657 - .0504 
- 0359 
- .0281 - ,0262 - .0209 - .0150 

- .0160 
- -0159 

- .Ob@ 

- .0441 
- -0453 
- 0477 -. 0465 - . o g 1  - ,0292 

.0111 - . 0100 - ,0084 - .0078 
- a  0074 

- .0043 - .0041 

- .0049 

- .004g 

- ,0067 
- .0042 - .om0 

.0036 
-.om6 - .0&8 - .oo46 - .0060 

- 0037 

M = 0.80 

-0.1012 

- .0644 
-a Og41 
- * 0795 - .0612 
- 00453 - .0356 - 0310 - ,0224 

- . o m  - .0174 - -0547 

- 0519 

------- 

- .0544 - .0558 
- .0559 
- .0504 - 0394 

0239 
- .0104 
- .ow6 - .0102 
- .0085 - .0079 
- e  0083 - 6 0082 
- ow3 

- ,0082 

. 0010 - ,0080 
- 0 9 5  - .01l2 - .0114 

- -0083 ------- 
------- 

M = 1.00 

0.0701 

- 0671 
- 9 0879 
- e  0378 
- .0287 

- ,0198 - .0186 
- .0172 

- ,0254 

- a  0177 
- . O m  
- .0142 
- .0582 

- 00532 
- .0541 
- 0591 - .0636 - .0706 - ,0693 

- Do479 - a 0178 
.0286 
0193 

.0061 
,0084 
.0021 - .0013 
0035 - 0047 

.0030 - .0122 

.0002 - .0123 - .0080 
- .008g - -0084 

- -0343 

4 = 1.20 

0.0639 

- .0066 - .Oh15 - .0400 

- .0244 - .0156 - .oogo 
- .0020 

- 0309 

------ ------ 
- e 0033 - .0526 

- .0414 - .0472 
- .0602 - .0603 - -0695 - .0710 

- * 0329 - .0290 - ,0342 - .0274 
- .0168 - .0069 - .0013 

- .0062 

- .0078 - .0083 

- .0107 

- 0019 

- .0040 

- .0049 
.0042 

.0046 

- .0164 

- e 0058 

1 = 0.60 

. 0 .0283 

- .0187 
- .0435 
- 0379 - .0254 
- .0152 
- 0075 - .0018 

0033 
.0063 

.0136 

.0660 

.0518 

.0516 
9 0535 
.a96  
-0415 
.0227 

- -0255 
.0092 
,0101 
.0085 
0093 

.0084 

.0071 
0075 

.0085 

.0061 
,0108 
.0063 
0073 

.0017 
* 0093 
.0071 
.0067 
.0061 

.------ 

a = 6' 

M = 0.80 

-0.0314 

.0189 
- .Oh33 - .0540 ------- 
- a 0275 - .0143 
- .0067 

.0003 
-0055 - 0073 
.01og 
0734 

0531 
.0524 
-0556 
.0564 
.0467 
.0254 

- .0418 
.0102 
.on6 
.0131 
.0130 
. o m  
.0108 
.0105 
.oil8 . O U  
.0121 
.OU4 
.0120 ------- 
.0127 

.0123 

.0123 

.0120 

4 = 1.00 

0.0749 

.0476 

.0106 
- .0340 - .0643 - .0663 - ,0516 - -0354 
- .01ll - .0061 - .0287 
- e  0059 

0751 

.0560 

.0519 
0595 
0639 

.0823 
* 0391 

. a 7 2  

.0258 - . o u g  

- ,0148 - .0056 
- .0015 

* 0037 
.0098 
.0044 
.0101 - * 0068 

- .0136 
- .0163 

.0142 

.0107 . Olog . Ow4 

- 0237 

Y = 1.20 

0.0807 

.0h72 

.0023 

- 9 0373 - 0387 - .0360 - .0304 - .0192 
- .0061 

.0025 

.0013 

.&28 

-0556 
.0565 
.0596 
.0652 
* 0682 
.0761 

.0b23 
,0322 - 0273 
.0184 
.3111 
,0028 - .0008 
.0034 
' 0059 
.0@1 - .0030 
.0078 
.0065 - .0040 
.0098 
.0174 
.0017 
.0068 

- .0253 
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(a) Winged reentry glider and launch vehicle. L-62-2024 

(b) Winged reentry glider. 

Figure 2. - Model photographs. 

L-62-2017 
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Mach number M 

Figure 3.- Variation with Mach number of average t e s t  Reynolds number per foot 
and dynamic pressure. 

c 

-0 c 
b - a 
W 0 0  
2 Normal force, lb 

Figure 4.- Variation of model and support deflection wLth normal force. 



(a) Winged reentry glider upright. 

Figure 5.- Comparison of surface-pressure coefficients on launch vehicle at 
orifice-row-orientation angles of Oo, No, 60°, and Po; a = Oo. 
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(b) Winged reentry glider invehed. 

Figure 5. - Concluded. 
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(a) Winged reently glider upright; = oO. 

Figure 6.- Variation with longitudinal model station of surface pressure coefficients 
on launch vehicle; a = Oo. 
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(a) Concluded. 

Figure 6. - Continued. 
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(b) Winged reentry glider inverted; # = Oo. 

Figure 6.- Continued. 
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Model station ,x, in. 

(b) Concluded. 

Figure 6.- Continued. 



(c) Winged reentry glider upright; $if = 9'. 

Figure 6.- Continued. 
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Model station,x,in. 

(c) Concluded. 

Flgure 6.- Concluded. 



Model station ,x ,in. 

(a) Winged reentry glider upright. 

Figure 7.- Effect of angle of attack on launch-vehicle pressure coefficients. = 0'. 
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Model station , x ,in. 

(b) Winged reentry glider inverted. 

Figure 7.- Concluded. 



Model station ,x ,in. 

(a) a = oO. 

Figure 8.- Comparison of surface-pressure coefficients on launch vehicle with conical nose 
(15.3O haulangle) and winged reentry guder;  $ = 0'. 
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Model station,x ,in. 

(b) a = 6'. 

Figure 8.- Continued. 
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Figure 8. - Concluded. 
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L-64-8391 
Figure 9.- Schlieren photographs of winged r e e n t T  glider and forward po&ion 

of launch vehicle; a = 0 . 
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(a) a = 3O and 6O. 

Figure ll.- Variation with longitudinal model station of launch-vehicle section 
normal- f orce coefficients . 
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(b) a = -3' and -6O. 

Figure 11. - Concluded. 
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(a) a = 3O. 

Figure 12.- Comparison of normal-force section-coefficient distribution on launch vehicle 
with winged reentry glider and with conical nose (15.3' half-angle) . 
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(b) a = 6'. 

Figure l2. - Concluded. 
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